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routine assays. For milks of exceptionally strong lipase activity it may be 
convenient to halve the sample size or the reaction period. 

Initial pH 

A series of buffers was prepared that gave a suitable range of pH when 
U.D ml. of tributyrin had been emulsified in 7 ml. of buffered milk. The pH 
values of the mixtures were determined at 30° C. at the start of the reaction 
period and lipase assays were made on a duplicate series. Fig. 4 shows the 



INITIAL 

Fig. 4. Initial pH and hydrolysis {three milks). 

curves obtained for three milks. While maximum hydrolysis occurred at 
approximately pH 8.75, this is not necessarily the optimum pH for milk lipase 
because the hydrogen ion concentration does not remain constant throughout 
the reaction period. To study the buffer capacity of the borate buffer used 
in this procedure quadruplicate test tubes, each containing 7 ml. of buffered 
milk, were prepared. One tube was used for a pH determination at the 
beginning and one at the end of the reaction period. Lipase estimations 
TO carried out on the remaining two tubes, one of them serving as a blank 
The pH dropped as much as 0.40 unit in a highly lipolytic milk, as reported 
in Table I. It was found that no significant saponification occurred''during 
the reaction period. 

TABLE I 

Buffer capacity of sodium borate buffer 


Milk • 


Initial pH 
30° C. 


Final pH 
30° C. 


pH 

difference 


Hydrolysis 
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THE PLOGHERE COLOR SYSTEM: A DESCRIPTIVE ANALYSIS* 

By W. E. Knowles Middleton* 

Abstract 

The Plochere Color System is a collection of 1248 painted papers, the colors 
being produced by systematic pigment mixtures. The M unsell book notation of 
each of the samples is given, and certain regularities and singularities in the 
system are discussed. 

Introduction 

The Plochere Color System (8) is a collection of 1248 painted cards, each 
3 by 5 in. in size, accompanied by an explanatory book, and intended mainly 
for the use of decorators. The system has had a brief notice (1) in the “News 
Letter*’ of the lnter-So3{ety Color Council, but it is felt that a more detailed 
analysis will be of interest, partly as a matter of record, and partly to display 
some of the special features which may be expected in a svstem of colors 
arising from pigment mixtures. 

For the Plochere System is quite frankly a pigment-mixture system. The 
accompanying book gives directions for the production of each of the 1248 
colors by the mixture of one or more of only nine chromatic pigments with 
black and white, a feature of great interest to the decorator. The nine basic 
pigments and the sp)ecial black are obtainable from the publishers of the 
system. The colors are classified into 26 blocks of 48 each, each set being 
intended to represent one hue, beginning with y ellow and proceeding through 
orange, red, purple, blue, and green to a greenish yellow. It is stated that 
these hues represent the 24 hues of the Ostwald color circle (2) and two a'*di- 
tional hues on either side of yellow, which were felt to give an improved 
gradation. 

Each block of 48 colors is divided into six series of eight. Each of these 
series is intended to be at a certain chroma level, the first being the strongest 
in color and the sixth the least saturated. In each series the first color has 
the low’cst value, the remaining seven being produced by’ extending this first 
color with increasing amounts of white. 

The following Table I shows as an example the arrangement of the 48 colors 
classified as red, R, and numbered 337 to 384. Note that value as usually^ 
understood increases as we proceed downwards in this table. “The numbers 

^ Manuscript received September 21, 1948, 

Contribution from the Division of Physics, National Research Laboratories, Ottawa, 
Issued as N,R,C, No. 1856. 

* Physicist. 
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show the visual black content The small letters give the white 

content of each color.” (8, p. 3). The arrangement is stated to be based on 

the Ostwald triangle, but the “rectangular arrangement seems to afford a 

more practical plan for display ing the entire scope of tones and shades of each 
hue.” (8, p. 1). 

TABLE I 


“Chroma levels’* 



Rid 

R2a 

R3a 

R4a 

R5a 

R6a 


Rib 

R2b 

R3b 

R4b 

RSb 

R6b 

J/J 

X 

Rlc 

R2c 

R3c 

R4c 

R5c 

R6c 


Rid 

R2d 

R3d 

R4d 

R5d 

R6d 


Rlc 

R2o 

R3e 

R4e 

RSe 

R6t‘ 


Rif 

R2f 

R3f 

R4f 

RSf 

R6f 


RIr 

R2k 

R3k 

R4k 

RSg 

R6g 


Rlh 

R2h 

R3h 

R4h 

RSh 

R6h 


The s>stein is certainly not intended as a set of standards, but is produced 
to meet certain practical needs. It is scarcely to be expected (especially in 
view of the very reasonable cost) that various examples will agree very closely 
among themselves, though we have no information on this point. For these 
reasons there was no thought of making spectrophotometric measurements on 
all the cards, even if personnel had been available to perform the immense 
labor of computing trichromatic co-ordinates. Such measurements were 
however made on one series (329 to 336) of very low chroma. The remainder 
of the cards were compared directly with the chips in the M unsell Book of 
Color, the trichromatic co-ordinates and reflectance of which are available 
(3, 5). 

Comparison with the Munsell Book of Color 

The cards were compared b> one observer of normal color vision (the author), 
under MacBeth daylight, and in very uniform conditions, with the Pocket 
Edition of the Munsell Book of Color (6). Ciray masks w'erc employed. The 
copy of the Munsell book was purchased by the National Research Council in 
April 1947, and had been used very little up to the time of these comparisons. 

The matching was made easier by the great similarity in the surface texture 
of the two sets of colors. On the other hand, many of the Plochere colors are 
much more saturated than any Munsell colors of similar hue, and man\^ of the 
series go well above Munsell value 8/, the highest in the book. Thus a good 
deal of extrapolation was necessary, esi^ecialh in chroma. Where the Plochere 
colors fell within the limits of the Munsell chips, it is felt that the accuracy of 
the matches was probably ±0.5 for hue, ±0.2 for value, and ±0.4 for 
chroma. No attempt was made to smooth the run of the series, or to eliminate 
the small irregularities which became apparent; but a certain amount of 
unconscious smoothing w^as inevitable. One or two actual mistakes were 
discovered in plotting the results, and it is hoped that few others es<*aped 
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notice. !Some of the very dark and unsaturated colors were difficult to assign 
a hue to, and the writer hesitates to estimate a probable error in hue where 
the value is less than 3/ and the chroma at the same time less than /I. 

Results 

The M unsell book notations, derived from direct matching (except for the 
series 329 to 336 inclusive, which is calculated from spectral reflectance curves), 
are shown in Table II. In this table the first column shows the Plochere 
reference number, the second the Plochere color notation, and the third the 
corresponding Munsell color. It was decided that the problem did not justify 
the conversion of the data to Munsell renotations, but this may be done for 
any desired color by the usual methods (7, p. 407). 

The hue and chroma of the leading colors of each of the 156 series have been 
plotted in the polar diagram of Fig. 1. The numbered dots represent the 
leading colors of the 26 blocks. This clearly shows the reduction in chroma 


5R 



Fig. 1. Polar diafff^m showing Munsell hue and chroma of the 156 leading colors in the 
26 blochs. The nuti3>ers of the colors beginning the leading series of the bU^s are gfnen. 
The occasional use of dashed lines is only for darity. 
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TABLE II 

Comparison of Plochere colors with M unsell book op color 


Plochere 

Plochere 

Munsell 

Plochere 

Plochere 

Munsell 

number 

code 

color 

number 

code 

color 

1 

Y 1-a 

8.SY 9/10 

49 

Yo 1-a 

5Y 9/12 

2 

Y 1-b 

8.5Y 8.5/9 

50 

Yo 1-b 

6Y 9/11 

3 

Y 1-c 

8Y 8.5/8 

51 

Yo 1-c 

6.SY 9/10 

4 

Y 1-d 

9Y 8. 5/7. 5 

52 

Yo 1-d 

7.5Y 9/8 

5 

Y 1-e 

9Y 9/6 

53 

Yo 1-e 

7.5Y 9/7 

6 

Y 1-f 

9Y 9/4.5 

54 

Yo 1-f 

7.5Y 9/6 

7 

Y 1-g 

9Y 9/2.5 

55 

Yo 1-K 

8.SY 9/4 

8 

Y 1-h 

8.5Y 9/1 

56 

Yo 1-h 

? >9/1 

9 

Y 2-a 

5.5Y 8. 5/9, 5 

57 

Yo 2-a 

l.OY 7.0/10.0 

10 

Y 2-b 

6.5Y 8. 5/8. 5 

58 

Yo 2-b 

2.0Y 8.2/10 

11 

Y 2-c 

7Y 9/7.5 

59 

Yo 2-c 

4.0y 8.4/9 

12 

Y 2-d 

8Y 9/7 

60 

Yo 2-d 

4.5Y 8.5/8 

13 

Y 2-e 

8Y 8.5/6 

61 

Yo 2-e 

5.5Y 9/6 

14 

Y 2-f 

9Y 8. 5/5. 5 

62 

Yo 2-f 

5.5Y 9/5 

15 

Y 2-g 

10 Y 8. 5/3. 5 

63 

Yo 2-g 

6Y 9/4 

16 

Y 2-h 

lOY 9/1 

64 

Yo 2-h 

? >9/2 

17 

Y 3-a 

5.5Y 6. 5/7. 5 

65 

Yo 3-a 

2.0Y 5. 8/7.0 

18 

Y 3-b 

S.5Y 6.8/7 

66 

Yo 3-b 

2.5Y 5. 8/7. 5 

19 

Y 3-c 

S.5Y 8/7.5 

67 

Yo 3-c 

3.0Y 7. 5/8.0 

20 

Y 3-d 

7Y 8/6.5 

68 

Yo 3-d 

3.5Y 8.3/6.7 

21 

Y 3-e 

7.5Y 8.5/5 

69 

Yo 3-e 

4.0Y 8. 5/6. 2 

22 

Y 3-f 

8Y 8.5/4 

70 

Yo 3-f 

4.5Y 9/5 

23 

Y 3-c 

8Y 9/2 

71 

Yo 3-c 

5Y 9/4 

24 

Y 3-h 

9Y 9/0.5 

72 

Yo 3-h 

5Y >9/2 

25 

Y 4-a 

5Y 5. 8/5. 5 

73 

Yo 4-a 

2.0Y 5. 6/6.0 

26 

Y 4-b 

5Y 6.5/5. 5 

74 

Yo 4-b 

2.5Y 6. 2/6.4 

27 

Y 4-c 

5.5Y 7.2/5. 5 

75 

Yo 4-c 

3.0Y 7. 2/6. 2 

28 

Y 4-d 

6Y 8/5.5 

76 

Yo 4-d 

4.0Y 7. 8/6. 3 

29 

Y 4-e 

7Y 8. 5/5. 5 

77 

Yo 4-e 

4.0Y 8. 3/5. 6 

30 

Y 4-f 

7Y 9/5 

78 

Yo 4-f 

4Y 9/5 

31 

32 

Y 4-c 

Y 4-h 

7.5Y 9/5 
? >9/? 

79 

80 

Yo 4-c 
Yo 4-h 

3.5Y 9/3 
? >9/1 

33 

Y 5-a 

5.5Y 4. 2/4.0 

81 

Yo 5-a 

4.5Y 3. 7/3. 6 

34 

Y 5— b 

5.5Y 5.0/4. 5 

82 

Yo 5-b 

4.5Y 5. 2/3. 6 

35 

Y 5-c 

5.5Y 6.2/4. 0 

83 

Yo 5-c 

4.0Y 5. 8/3. 6 

36 

Y 5-d 

5.5Y 7. 2/3. 8 

84 

Yo 5-d 

4.0Y 7. 2/3. 2 

37 

Y 5-e 

5.0Y 8. 0/3. 8 

85 

Yo 5-e 

3.8Y 7. 8/3. 2 

38 

Y 5-f 

5.SY 8.5/2. 5 

86 

Yo 5-f 

3.5Y 8.2/2. 4 

39 

40 

yU 

6Y 9/2 

? >9/? 

87 

88 

Yo 5-c 
Yo 5-h 

3Y 9/2 
? >9/1 

41 

Y 6-a 

4.5Y 3.5/2 

89 

Yo 6-a 

3.SY 3. 8/2. 2 

42 

Y 6-b 

3.5Y 4.2/2 

90 

Yo 6-b 

3.2Y 4. 2/2. 5 

43 

Y 6-c 

3.0Y 5.7/2 

91 

Yo 6-c 

4.0Y S.3/2.S 

44 

Y 6-d 

3.0Y 6.2/2. 5 

92 

Yo 6-d 

4.2Y 6.0/2.5 

45 

Y 6-c 

3.0Y 7. 2/2. 5 

93 

Yo 6-e 

SY 7. 2/2. 7 

46 

y 6-f 

4.0Y 8.2/2 

94 

Yo 6-f 

SY 8.3/1. 5 

47 

48 

Y 6-ff 

Y 6-K 

5Y 8.8/2 

? >9/? 

95 

96 

Yo 6-c 
Yo 6-fl 

SY 9/1 
? >9/1 
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TABLE Il—CotUinued 

Comparison of Plocbbrb colors with Mvnsell book of cchxir — Cmtiutud 


Piochere 

number 

Piochere 

code 

Munseli 

color 

Piochere 

number 

Piochere 

code 

Munseli 

color 

97 

OY 

1-a 

3.0Y 

8/12 

145 

0 

1-a 

4.0YR 

6.5/13 

98 

OY 

1-b 

2.5Y 

8.2/11 

146 

0 

1-b 

7.5YR 

7.7/12 

99 

OY 

1-c 

3.0Y 

8.5/9. 5 


0 

1-c 

9.0YR 

8.2/11 

100 

OY 

1-d 

3.5Y 

9/9 


O 

1-d 

2.0Y 

8. 7/8. 5 

101 

OY 

1— e 

4.0Y 

9/7 


0 

1-e 

3.0Y 

9.0/6.6 

102 

OY 

1-f 

4.5Y 

9/4 


0 

l-£ 

3.5Y 

9/5.3 

103 

OY 


6y 

9/2 


0 

1-g 

4Y 

9/4 

104 

OY 

1-h 

?7.5Y 

>9/<l 

152 

0 

1^ 

? >9/7 

105 

OY 

2-a 

1.5Y 

7.6/12 


O 

2-a 

6.5YR 

6.2/10.5 

106 

OY 

2-b 

2.SY 

8.0/12 


O 

2-b 

8.0YR 

7.0/9. 8 

107 

OY 

2-c 

2.5Y 

8.3/11 


0 

2-c 

9.2YR 

7. 8/9.0 

108 

OY 

2-d 

3.2Y 

8.5/8 


0 

2-d 

l.OY 

8. 2/7. 6 

109 

OY 

2-e 

4Y 

8.8/7 


0 

2-e 

2.0Y 

8. 5/6.6 

no 

OY 

2-f 

4Y 

9/5 


O 

2-f 

2.5Y 

9/6 

111 

OY 

2-pr 

5Y 

>9/4 


0 

2-g 

3Y >9/4 

112 

OY 

2-h 

? 

>9/2 

160 

O 

2-h 

? >9/3 

113 

OY 

3-a 

0.3Y 

6.1/9 8 


O 

3-a 

6.5YR 

5. 0/8. 2 

114 

OY 

3-b 

0.6Y 

7. 1/9.8 


0 

3-b 

6.8YR 

5. 8/8.4 

115 

OY 

3-c 

l.OY 

7. 8/9. 5 


O 

3-c 

7.2YR 

6.8/7.8 

116 

OY 

3-d 

2.5Y 

8.2/8. 5 


O 

3-d 

8.7YR 

7. 2/6.5 

117 

OY 

3-e 

2.5Y 

8. 7/7. 5 


0 

3-e 

9.8YR 

7.9/6.4 

118 

OY 

3-f 

2.SY 

8.8/6 

166 

O 

3-f 

1.2Y 

8.4/4. 7 

119 

OY 


3Y 

9/4 

167 

0 

3-? 

0.5Y 

9/3.6 

120 

OY 

3-h 

? 

>9/3 

168 

0 

3-h 

? >9/2.5 

121 

OY 

4-a 

0.3Y 

4.9/7. 8 

■■ 

0 

4-a 

6.0YR 

4. 1/5.0 

122 

OY 

4r-b 

0.3Y 

5. 8/7. 5 


0 

4-b 

7.0YR 

5. 3/5.6 

123 

OY 

4-c 

lO.OYR 6. 7/8.0 


0 

4-c 

6.8YR 

5. 9/5. 8 

124 

OY 

4-d 

0.5Y 

7. 3/6.0 

Wa» 

o 

4-d 

8.0YR 

7. 0/5. 8 

125 

OY 

4-e 

2.0Y 

8.0/5, 5 


0 

4-e 

8.8YR 

8.2/5. 6 

126 

OY 

4-f 

2.5Y 

8. 3/5. 3 


o 

4-f 

9.3YR 

8. 5/4. 5 

127 

OY 

4-g 

3Y 

8.8/4 

BB 

0 

4-j 

9.5YR 

9/3.6 

128 

OY 

4-h 

3Y 

>9/3 

■■ 

0 

4-h 

?10YR >9/3 

129 

OY 

5-a 

l.OY 

3.6/3. 6 

in 

0 

5-a 

6.0YR 

3. 3/3.6 

130 

OY 

5-b 

lO.OYR 5. 2/4.0 


0 

5-b 

6.2YR 

4.8/4. 5 

131 

OY 

5-c 

0.5Y 

5. 7/3. 6 


o 

5-c 

7.5YR 

5. 3/4.5 

132 

OY 

5-d 

l.OY 

6. 5/4. 2 

180 

o 

5-d 

8.0YR 

6. 6/4.4 

133 

OY 

5-e ! 

1.2Y 

7. 5/4.4 

181 

0 

5-e 

8.3YR 

7. 2/3.6 

134 

OY 

5-f 

l.OY 

8 0/3.6 

182 

o 

5-f 

8.3YR 

8.0/3.6 

135 

OY 

5-« 

l.OY 

8. 8/3. 6 

183 

0 


8.0YR 

8.7/3. 5 

136 

OY 


l.OY 

9/3 

184 

0 

5-h 

78YR 

9/3? 

137 

OY 

6-a 

4.5Y 

3. 3/2.0 

185 

0 

6-a 

l.OY 

2.3/2 

138 

OY 

6-b 

3.0Y 

4. 2/2.0 


0 

6-b 

1.7Y 

3.8/1. 8 

139 

OY 

6-c 

3.SY 

5. 2/2. 6 


o 

6-c 

8.5YR 

4.9/1. 8 

140 

OY 

6-d 

2.2Y 

5. 9/2.0 


0 

6-d 

8.3YR 

s-2/i * 

141 

OY 

6-e 

3.2Y 

7. 2/2.0 


o 

6-e 

8.0YR 

6.7/2.0 

142 

OY 

6-f 

3.0Y 

8. 1/2.0 


0 

6-f 

6.0YR 

7. 9/1. 6 

143 

OY 


3Y 

8.8/2.0 

191 

0 

6-e 

5.0YR 

8.8/1. 5 

144 

OY 


3Y 

9/2 

192 

0 

6-b 

5YR 

9/2 
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TABLE II — Continued 

Comparison op Plochbrb colors with Munsell book of color — Continued 


Plodiere 

number 

Plochere 

code 

Munsell 

color 

Plochere 

number 

Plochere 

code 

Munsell 

color 

193 

Or 1-a 

9.5R 

6.0/12.5 

241 

RO 

1-a 

8. OR 

4.8/14 

194 

Or 1-b 

2.0YR 

6. 3/11. S 

242 

RO 

1-b 

9.5R 

5.7/12 

195 

Or 1-c 

3.2YR 

6. 9/9. 6 

243 

RO 

1-c 

9.6R 

6.2/10.4 

196 

Or 1-d 

4.0YR 

8.5/8 

244 

RO 

1-d 

1.5YR 

6. 8/8.5 

197 

Or 1-e 

8. SYR 

9/7 

245 

RO 

1-e 

2. SYR 

7. 8/6.0 

19S 

Or 1-f 

9YR 

9/6 

246 

RO 

1-f 

4. SYR 

8.5/4.8 

199 

Or l-« 

0.5Y 

>9/4 

247 

RO 

l-e 

SYR 

9/4 

200 

Or 1-h 

9YR 

>9/2 

248 

RO 

1-h 

?5YR 

>9/2? 

201 

Or 2-a 

O.SYR 

5.0/12 

249 

RO 

2-a 

9.5R 

4.3/10.8 

202 

Or 2-b 

2.0YR 

5.8/11 

250 

RO 

2-b 

9.7R 

5.3/10.3 

203 

Or 2-c 

3.0YR 

6. 9/9. 6 

251 

RO 

2-c 

9.7R 

6. 2/9. 8 

204 

Or 2-d 

5.0YR 

7.5/8 

252 

RO 

2-d 

1.2YR 

7. 0/8.4 

205 

Or 2-e 

6. SYR 

7.8/7 

253 

RO 

2-e 

2.8YR 

7. 5/6.6 

206 

Or 2-f 

8. SYR 

8.3/S.S 

254 

RO 

2-f 

4.0YR 

8.3/5 

207 

Or 2-s' 

lY 

9/4 

255 

RO 

2-f 

SYR 

9/4 

208 

Or 2-h 

FlOYR 

>9/2 

256 

RO 

2-h 

? 

>9/? 

209 

Or 3-a 

2.0YR 

4. 0/9.0 

257 

RO 

3-a 

O.SYR 

4.0/9. 5 

210 

Or 3-b 

3. SYR 

5. 2/8. 4 

258 

RO 

3-b 

l.OYR 

4. 6/8.0 

211 

Or 3-c 

4.0YR 

6. 2/7.0 

259 

RO 

3-c 

0.8YR 

S.4/7.S 

212 

Or 3-d 

5. SYR 

6.9/7 

260 

RO 

3-d 

l.OYR 

6.5/7. 2 

213 

Or 3-0 

7YR 

7.8/7 

261 

RO 

3— e 

2.2YR 

6. 9/6.0 

214 

Or 3-f 

7. SYR 

8/6 

262 

RO 

3-f 

S.OYR 

8.2/4 

215 

Or 3-g 

9YR 

9/5 

263 

RO 

3-g 

SYR 

8.8/4 

216 

Or 3-h 

?8YR 

>9/4 

264 

RO 

3-h 

?3YR 

>9/? 

217 

Or 4-a 

3. SYR 

3. 2/6.0 

265 

RO 

4-a 

1.8YR 

3. 3/4.7 

218 

Or 4-b 

4. SYR 

4. 8/6,0 

266 

RO 

4-b 

2. SYR 

4. 0/4. 8 

219 

Or 4-c 

S.OYR 

6. 0/S. 6 

267 

RO 

4-c 

2.2YR 

5. 1/4.0 

220 

Or 4-d 

5. SYR 

6. 8/5. 4 

268 

RO 

4-d 

S.OYR 

6.0/4. 5 

221 

Or 4-e 

6YR 

7.8/5 

269 

RO 

4-e 

4.0YR 

6.8/4. 5 

222 

Or 4-f 

7YR 

8/4 5 

270 

RO 

4-f 

S.OYR 

7. 7/4.0 

223 

224 

Or 4-« 
Or 4-h 

8YR 

8YR 

8.5/4 

9/3 

271 

272 

RO 

RO 


SYR 

?3YR 

8.7/3 

>9/2? 

225 

Or S~a 

3. SYR 

2.7/4 

273 

RO 

5-a 

l.OYR 

2. 8/2. 4 

226 

Or 5-b 

3. SYR 

4. 4/3. 6 

274 

RO 

5-b 

O.SYR 

3. 7/2.6 

227 

Or 5-c 

4.2YR 

S.2/3.4 

275 

RO 

5-c 

10. OR 

4. 8/2. 4 

228 

Or S—d 

4.6YR 

5.9/3. 5 

276 

RO 

S-d 

0.8YR 

5. 8/2. 6 

229 

Of 5-c 

4. SYR 

7, 0/3. 2 

277 

RO 

5-e 

l.OYR 

6. 6/2. 4 

230 

Or 5-f 

4. SYR 

7.8/3 

278 

RO 

S-f 

lYR 

7.3/2 

231 

232 

Or 5-g 
Or 5— n 

SYR 

6YR 

8.7/3 

9/3 

279 

280 

RO 

RO 

u 

lYR 

?1YR 

8.1/2 

9/2 

233 

Or 6-a 

?4YR 

2.2/2 

281 

RO 

6-a 

1.8YR 

2.2/2 

234 

Or 6-b 

?4YR 

3/1 

282 

RO 

6-b 

4.0YR 

3. 5/2,0 

235 

Or 6-c 

SYR 


283 

RO 

6-c 

4.4YR 

4. 9/2.0 

236 

Or 6-d 

6YR 

5.8/1 

284 

! RO 

6-d 

4.0YR 

5. 7/2.2 

237 

238 

'•‘Ml 

Or 6-e 

Or 6-f 

?3YR 

SYR 

6.5/1 

7.8/1 

285 

286 

RO 

RO 

6-c 

6-f 

3.8YR 
3. SYR 

6. 3/2.0 
6.9/2 

239 

240 

Or 6-g 
Or 6-h 

SYR 
?4YR : 

8.5/1. 5 
>9/1? 

287 

288 

RO 

RO 

U 

3. SYR 
SYR 

8.2/2 

9/2 
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TABLE ll--ConiiHued 

Comparison op Plochbrb colors with Munsell book of color — Continued 


Plochere 

number 

Plochere 

code 

Munsell 

color 

Plochere 

number 

Plochere 

code 

Munsell 

color 

289 

Ro 

1-a 

5.8R 

4.6/16 

337 

R 

1-a 

6. OR 

4.2/16 

290 

Ro 

1-b 

6. OR 

5.3/13.0 

338 

R 

1-b 

4.5R 

4.9/13 

291 

Ro 

1-c 

5.3R 

5.6/10.8 

339 

R 

1-c 

3.5R 

5.2/10.8 

292 

Ro 

1-d 

5.5R 

6.3/10.0 

340 

R 

1-d 

2.5R 

5.9/10.5 

293 

Ro 

1-e 

6.2R 

7.3/9 

341 

R 

1-e 

1.5R 

6.6/10 

294 

Ro 

1-f 

6R 

7. 7/7. 5 

342 

R 

1-f 

l.OR 

7.3/10 

295 

Ro 

l-K 

6R 

8.5/6 

343 

R 


IR 

8/10? 

296 

Ro 

1-h 

6R 

9/3? 

344 

R 

1-h 

?10RP 

9/9? 

297 

Ro 

2-a 

6.8R 

4.4/12.5 

345 

R 

2-a 

7. OR 

3.8/12 

298 

Ro 

2-b 

6.3R 

S. 0/11. 3 

346 

R 

2-b 

5.4R 

4.4/10.5 

299 

Ro 

2-c 

5.8R 

5.4/10.5 

347 

R 

2-c 

4.2R 

5. 2/9. 5 

300 

Ro 

2-d 

5.8R 

6. 2/9. 3 

348 

R 

2— d 

3.2R 

6.0/10.0 

301 

Ro 

2-e 

5.8R 

7. 3/8. 5 

349 

R 

2-e 

3.8R 

6. 7/9.2 

302 

Ro 

2-f 

6.3R 

8.2/7 

350 

R 

2-f 

3. OR 

7.5/8 

303 

Ro 

2-K 

6.5R 

8.8/6 

351 

R 

2-f 

2R 

8/7 

304 

Ro 

2-h 

6.5R 

>9/5? 

352 

R 

2-E 

2R 

9/6? 

305 

Ro 

3-a 

8.5R 

3.5/10.5 

353 

R 

3-a 

6.8R 

3. 3/8. 5 

306 

Ro 

3-b 

9. OR 

4. 3/9.0 

354 

R 

3-b 

6.0R 

4. 2/7. 3 

307 

Ro 

3-c 

8. OR 

5. 2/7, 6 

355 

R 

3-c 

6. OR 

5. 1/6.6 

308 

Ro 

3-d 

7.8R 

6, 2/7.6 

356 

R 

3-d 

4.5R 

5. 8/8.0 

309 

Ro 

3-e 

7.5R 

7. 0/6. 6 

357 

R 

3-e 

4.5R 

6. 8/8.0 

310 

Ro 

3-f 

7.8R 

7. 7/7.0 

358 

R 

3-f 

4. OR 

7. 7/7.5 

311 

Ro 


7.2R 

8.2/5 

359 

R 


4R 

8.5/6 

312 

Ro 

3— h 

7R 

8.7/4 

360 

R 

3-h 

3R 

9/4 

313 

Ro 

4-a 

0.3YR 

3. 0/5. 6 

361 

R 

4-a 

7. OR 

3. 2/6.6 

314 

Ro 

4-b 

1.0 YR 

3. 7/5.5 

362 

R 

4-b 

6.2R 

4. 0/6.0 

315 

Ro 

4-c 

9.5R 

5.0/4. 7 

363 

R 

4-c 

5.5R 

4. 9/5. 3 

316 

Ro 

4-d 

9.5R 

5. 8/4, 4 

364 

R 

4-d 

4.5R 

5. 8/6.0 

317 

Ro 

4-e 

10. OR 

6. 8/4,4 

365 

R 

4-e 

4.5R 

6. 4/6.6 

318 

Ro 

4-f 

9.5R 

7.6/4 

366 

R 

4~f 

3. OR 

7. 5/5.5 

319 

320 

Ro 

Ro 

u 

9R 

9R 

8.5/3 

9/3? 

367 

368 

R 

R 

n 

3R 

3R 

8.2/4 

9/3 

321 

Ro 

5-a 

9. OR 

2. 2/2. 6 

369 

R 

5-a 

7R 

2. 4/3. 6 

322 

Ro 

5-b 

9. OR 

3. 7/2.6 

370 

R 

5-b 

6.8R 

3. 6/3. 6 

323 

Ro 

5-c 

8.8R 

4. 9/2. 6 

371 

R 

5-c 

5.5R 

4. 9/4.0 

324 

Ro 

5-d 

8.3R 

5. 8/2. 4 

372 

R 

5-d 

4. OR 

5. 7/4.8 

325 

Ro 

5-e 

7.5R 

6. 8/2. 4 

373 

R 

5— e 

3.5R 

6. 7/5.3 

326 

Ro 

5-2f 

7.5R 

7. 7/2. 5 

374 

R 

5-f 

4. OR 

7.6/5 

327 

Ro 


7.5R 

8.7/2 

375 

R 


4R 

8.2/4 

328 

Ro 

5-h 

?7.5R 

9/2 

376 

R 

5-h 

4R 

9/4 

329 

Ro 

6-a 

?7YR 

2.4/0. 5 

377 

R 

6-a 

lYR 

2,3/2 

330 

Ro 

6-b 

5YR 

3. 6/0. 6 

378 

R 

6-b 

8R 

3. 2/1. 5 

331 

Ro 

6-c 

8YR 

4. 7/0.8 

379 

R 

6-c 

7.5R 

4,8/1. 5 

332 

Ro 

6-d 

lOYR 

5. 3/1.0 

380 

R 

6-d 

6.8R 

5. 8/1. 5 

333 

Ro 

6-e 

5Y 

6. 7/1. 2 

381 

R 

6-e 

7R 

6.5/2 

334 

Ro 

6-f 

lOYR 

7.6/0. 7 

382 

R 

6-f 

6R 

7,5/2 

335 

336 

Ro 

Ro 

U 

7YR 

5YR 

8. 2/0. 6 

8. 6/0. 6 

383 

384 

R 

R 

U 

6R 

6R 

8.2/2 

9/2 
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TABLE II — Continued 

Comparison of Plochere colors with Munsell book of color — Continued 


Plochere 

number 

Plochere 

code 

Munsell 

color 

Plochere 

number 

Plochere 

code 

Munsell 

color 

385 

Rp 1-a 

3R 

3.2/12 

433 

Pr 

1-a 

9.0RP 

3.2/15? 

386 

Rp 1-b 

l.OR 

4.2/12 

434 

Pr 

l-b 

7.SRP 

3.9/13? 

387 

Rp l-c 

8.5RP 

4.8/12 

435 

Pr 

1-c 

5.8RP 

4.7/13 

388 

1-d 

8.0RP 

5. S/ll. S 

436 

Pr 

1-d 

3.SRP 

5.2/12 

389 

Rp 1-e 

8.0RP 

6.5/11 

437 

Pr 

1-e 

2.5RP 

6.2/12 

390 

Rp 1-f 

7RP 

7.5/11 

438 

Pr 

1-f 

?3RP 

7/12? 

391 

Rp 1-g 

7RP 

8.6/10? 

439 

Pr 

1-K 

?4RP 

8/10? 

392 

Rp 1-h 

7.5RP 

9/8? 

440 

Pr 

1-h 

?5RP 

9/8? 

393 

Rp 2-a 

4.6R 

3. 1/7.0 

441 

Pr 

2-a 

9.5RP 

3. 0/7.0 

394 

Rp 2-b 

l.SR 

4. 1/6.8 

442 

Pr 

2-b 

4.5RP 

3.8/10.0 

395 

Rp 2-c 

9.0RP 

4. 8/7. 5 

443 

Pr 

2-c 

3.3RP 

4.3/12 

396 

Rp 2-d 

8.2RP 

5. 7/9.0 

444 

Pr 

2-d 

2.5RP 

5.4/12 

397 

Rp 2-e 

7.5RP 

6.4/9. 5 

445 

Pr 

2-c 

?3RP 

6.3/12? 

398 

Rp 2-f 

8RP 

7/9 

446 

Pr 

2-f 

3RP 

6.7/11 

399 

Rp 2-c 

8RP 

8/8 

447 

Pr 


3RP 

8/10 

400 

Rp 2-h 

9RP 

9/7 

448 

Pr 

2^ 

?3RP 

9/8? 

401 

Rp 3-a 

4R 

2. 8/5.0 

449 

Pr 

3-a 

8.5RP 

2. 3/5. 6 

402 

Rp 3-.b 

0.5R 

3.9/5. 3 

450 

Pr 

3-b 

4.3RP 

3. 7/6.6 

403 

Rp 3-c 

8.8RP 

4. 8/6.0 

451 

Pr 

3-c 

3.0RP, 

4.5/7. S 

404 

Rp 3~d 

8.0RP 

5.6/7. 5 

452 

Pr 

3-d 

2.5RP 

5. 2/8.0 

405 

Rp 3-e 

7.5RP 

6.2/8. 5 

453 

Pr 

3-e 

2.5RP 

6.0/9 

406 

Rp 3-f 

8RP 

7.2/8 

454 

Pr 

3-f 

?4RP 

6.8/9 

407 

Rp S-e 

9RP 

8/8 

455 

Pr 

3-e 

4RP 

7.8/8 

408 

Rp 3-h 

9RP 

9/7? 

456 

Pr 

3^ 

5RP 

9/8 

409 

Rp 4-a 

4R 

2. 2/3. 3 

457 

Pr 

4-a 

4.0RP 

2. 3/3. 5 

410 

Rp 4-b 

l.OR 

4. 0/4. 6 

458 

Pr 

4-b 

4.5RP 

3. 5/4. 5 

411 

Rp 4-c 

0.5R 

5. 0/4. 4 

459 

Pr 

4-c 

3.5RP 

4.6/5. 5 

412 

Rp 4~d 

8.3RP 

5. 7/5.6 

460 

Pr 

4-d 

3.0RP 

5. 1/6.0 

413 

Rp 4-e 

9.0RP 

6. 4/5. 3 

461 

Pr 

4-e 

3.5RP 

5. 8/5. 6 

414 

Rp 4-f 

9.0RP 

7.1/6 

462 

Pr 

4-f 

3.2RP 

7.0/6 

415 

Rp 4-g 

9.6RP 

8/5 

463 

Pr 

4-g 

3RP 

7.8/6 

416 

Rp 4-n 

lORP 

9/5 

464 

Pr 

4^ 

4RP 

9/5? 

417 

Rp 5— a 

2. OR 

1.8/1. 5 

465 

Pr 

5-a 

6RP 

2. 8/2. 7 

418 

Rp 5-“b 

8.5RP 

3. 5/2.5 

466 

Pr 

5-b 

3.5RP 

3. 9/3. 3 

419 

Rp 5-c 

8.0RP 

4.3/3. 3 

467 

Pr 

5-c 

3.5RP 

5. 0/4.0 

420 

Rp 5-d 

8.0RP 

5. 3/4.0 

468 

Pr 

5-d 

3.0RP 

S.8/4.S 

421 

Rp 5~e 

9.2RP 

6. 3/4. 5 

469 

Pr 

5-e 

4.0RP 

6. 4/4.5 

422 

Rp 5-f 

8.8RP 

7.1/4.7 

470 

Pr 

5-f 

3.5RP 

7.2/4 

423 

424 

Rp 5-flr 
Rp 5-h 

9RP 

lORP 

7.8/5 

9/5 

471 

472 

Pr 

Pr 


3.0RP 

3RP 

7.9/4 

8.5/4 

425 

Rp 6-a 

6R 

1. 5/0.7 

473 

Pr 

6-a 

4.5RP 

2. 5/1.0? 

426 

Rp 6-b 

2R 

3. 8/0.5 

474 

Pr 

6-b 

?1.0RP 

3. 3/1.0 

427 

Rp 6-c 

6RP 

4.3/1. 0 

475 

Pr 

6-c 

1.8RP 

4.5/2.0 

428 

Rp 6-^ 

3.5RP 

5. 3/1. 3 

476 

Pr 

6-d 

0.5RP 

S. 3/2.5 

429 

Rp 6-e 

3.5RP 

6.5/1. 3 

477 

Pr 

6-e 

10. OP 

6. 5/3.0 

430 

Rp 6-f 

2.5RP 

7. 1/1.5 

478 

Pr 

6-f 

l.ORP 

7. 1/3.0 

431 

432 


3.5RP 

5RP 

7.8/1 

9/1 

479 

480 

Pr 

Pr 

n 

2.0RP 

2RP 

7.8/3. 5 

9/3 
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TABLE II — Continued 

Comparison of Plocherb colors with Munsbll book of coLOR-’-Continued 


Plochere 

Plochere 

M unsell 

Plochere 

Plochere 

M unsell 

number 

code 

color 

number 

code 


color 

481 

P 

1-a 

3.0RP 

2. 5/6. 6 

529 

Pb 

1-a 

1.5P 

2. 5/5. 6 

482 

P 

1-b 

2.5RP 

3. 8/9.4 

530 

Pb 

1-b 

3.8P 

3.9/7,0 

483 

P 

1-c 

0.5RP 

4.6/10.0 

531 

Pb 

1-c 

5. OP 

4. 8/8. 5 

484 

P 

1-d 

l.ORP 

5. 6/9. 6 

532 

Pb 

1-d 

5. OP 

5. 8/8. 5 

485 

P 

1-e 

1.2RP 

6.5/10 

533 

Pb 

1-e 

6P 

6.9/8 

486 

P 

1-f 

1.5RP 

7.7/9 

534 

Pb 

1-f 

7P 

7.8/6 

487 

P 

1-g 

3.5RP 

8.8/8 

535 

Pb 

1-g 

8P 

9/5? 

488 

P 

1-h 

2.5RP 

9/4 

536 

Pb 

1-h 

? 

>9/2? 

489 

P 

2-a 

4.SRP 

2. 4/2. 6 

537 

Pb 

2-a 

2. OP 

2. 4/3. 3 

490 

P 

2-b 

2.0RP 

3. 2/7.0 

538 

Pb 

2-b 

4.3P 

3. 6/8.0 

491 

P 

2-c 

2.0RP 

4.2/7. 2 

539 

Pb 

2-c 

5. OP 

4.7/8. 6 

492 

P 

2-d 

l.ORP 

5. 3/6.7 

540 

Pb 

2-d 

5.4P 

5. 6/8.0 

493 

P 

2-c 

2.0RP 

6. 0/6. 4 

541 

Pb 

2-e 

6.3P 

6. 8/7. 5 

494 

P 

2-f 

1.5RP 

6. 7/7.2 

542 

Pb 

2-f 

7P 

7.3/6 

495 

P 

2-k 

3.0RP 

8.4/8 

543 

Pb 

2-g 

8P 

8.2/6 

496 

P 

2-fi 

4RP 

8.8/7 

544 

Pb 

2-E 

?9P 

9/4 

497 

P 

3-a 

9P 

2. 4/2. 4 

545 

Pb 

3-a 

3. OP 

2. 4/2.0 

498 

P 

3-b 

l.ORP 

3. 5/5.6 

546 

Pb 

3-b 

4.SP 

3. 6/6.0 

499 

P 

3-c 

l.ORP 

4. 7/5.8 

547 

Pb 

3-c 

5. OP 

4.9/7.0 

500 

P 

3-d 

0.8RP 

5. 7/7.2 

548 

Pb 

3-d 

5.5P 

6. 3/6. 4 

501 

P 

3-c 

2.0RP 

6. 5/5.4 

549 

Pb 

3-e 

6.3P 

6.8/5. 6 

502 

P 

3-f 

1.7RP 

7. 2/5. 7 

550 

Pb 

3-f 

7P 

7.7/s 

503 

P 

U 

2.0RP 

7.8/6 

551 

Pb 

3-g 

8P 

8.2/5 

504 

P 

2.5RP 

8.5/6 

552 

Pb 

3-E 

?8P 

9/4 

505 

P 

4-a 

lOP 

2/1.5 

553 

Pb 

4-a 

IP 

2. 2/2.0 

506 

P 

4-b 

2.0RP 

3. 7/2.0 

554 

Pb 

4-b 

3.2P 

3. 5/3. 5 

507 

P 

4-c 

0.7RP 

4. 2/4.0 

555 

Pb 

4-c 

4.5P 

4. 6/5.3 

508 

P 

4-d 

0.7RP 

5. 3/4. 4 

556 

Pb 

4-d 

5.3P 

5. 7/5.3 

509 

P 

4-e 

1.2RP 

6. 2/4,0 

557 

Pb 

4-e 

6. OP 

6. 3/5.0 

510 

P 

4-f 

1.5RP 

6. 8/4.4 

558 

Pb 

4-f 

7P 

7. 6/4. 7 

511 

512 

P 

P 

tE 

1.8RP 

2.5RP 

8. 2/4. 7 

9/4 

559 

560 

Pb 

Pb 

n 

8P 

8P 

8.5/4 

9/2? 

513 

P 

5-a 

9.5P 

2.0/1 

561 

Pb 

5-a 

3.5P 

2. 6/0. 8 

514 

P 

5-b 

0.5RP 

3. 0/2.0 

562 

Pb 

5-b 

6. OP 

3. 3/2. 6 

515 

P 

5-c 

0.7RP 

4. 1/3.8 

563 

Pb 

5-c 

6.3P 

4. 5/3. 6 

516 

P 

5-d 

9.8P 

4. 9/3. 6 

564 

Pb 

5-d j 

7. OP 

5. 2/3. 6 

517 

P 

5-e 

0.5RP 

6. 1/3.6 

565 

Pb 

5-e 

7.5P 

6. 1/3.5 

518 

P 

5-f ' 

0.5RP 

6. 9/3. 6 

566 

Pb 

5-f 

7. OP 

7.0/3. 6 

519 j 

P 

U 

1.5RP 

7. 8/3. 6 

567 

Pb 

U 

7P 

7.8/4 

520 

P 

2.0RP 

9/4 

568 

Pb 

?7P 

8.7/4? 

521 

P 

6-a 

5P 

2.2/1 

569 

Pb 

6-a 

8P 

1. 8/2.0 

522 

P 

6-b 

6. OP 

3. 2/1. 5 

570 

Pb 

6-b 

7.2P 

3,6/2.4 

523 

P 

6-c 

0.3RP 

4.1/2. 3 

571 

Pb 

6-c 

6.0P 

4.4/2. 5 

524 

P 

6-d 

1.2RP 

4. 8/2. 3 

572 

Pb 

6-d 

7. OP 

5. 2/3.0 

525 

P 

6-e 

1.8RP 

6. 0/2. 6 

573 

Pb 

6-e 

8. OP 

6.3/3.0 

526 

P 

6-f 

lO.OP 

7. 2/2. 8 

574 

Pb 

6-f 

8.5P 

7.0/3. 5 

527 

P 

n 

1,8RP 

7. 8/3. 5 

575 

Pb 

n 

l.ORP 7.8/3 

528 

P 

1.3RP 

8.8/3 

576 

Pb 

1 ?1RP 

9/2? 
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TABLE ll’-CofUinued 


Comparison of Plochbre colors with Munsbll book of coLOR-^CofUinited 


Plochere 

number 

Plochere 

code 

Munsell 

color 

Plochere 

number 

Plochere 

code 

Munsell 

color 

S77 

Bp 1-a 

9.6PB 3. 1/9.5 

625 

B 1-a 

8.0PB 

2.8/14 

578 

Bp 1-b 

0.4P 

4.2/10.0 

626 

B 1-b 

8.0PB 

3.8/13 

579 

Bp 1-c 

0.5P 

5. 2/9. 5 

627 

B 1-c 

8.0PB 

S.6/13 

580 

Bp 1-d 

l.OP 

6. 3/8. 5 

628 

B 1-d 

7.5PB 

6.4/12 

581 

Bp 1-e 

1 3P 

7. 2/7. 5 

629 

B 1-e 

7.0PB 

7.S/10 

582 

Bp 1-f 

2P 

8.3/6 

630 

B 1-f 

6.7PB 

8. S/7? 

583 

Bp 1-g 

3P 

9/3? 

631 

B 1-g 

6.5PB 

9.2/5? 

584 

Bp 1-h 

? 

>9/1? 

632 

B 1-h 

6PB 

>9/3? 

585 

Bp 2-a 

9.6PB 

3. 1/7.5 

633 

B 2-a 

8.0PB 

3.0/9. 0 

586 

Bp 2-b 

0 5P 

4. 0/8. 5 

634 

B 2-b 

7.2PB 

4.3/10.5 

587 

Bp 2-c 

0.8P 

5. 2/5. 6 

635 

B 2-c 

7.0PB 

5. 8/9. 5 

588 

Bp 2>d 

1.8P 

6. 3/5. 6 

636 

B 2-d 

6.8PB 

6.8/8. 5 

589 

Bp 2-e 

2. OP 

7. 4/ s . 3 

637 

B 2-e 

6.5PB 

7.6/7 

590 

Bp 2-£ 

2.5P 

8.2/4 

638 

B 2-f 

6.5PB 

8.6/5 

591 

Bp 2-g 

3P 

9/2? 

639 

B 2-g 

6.0PB 

9.3/3? 

592 

Bp 2-h 

? 

>9/1? 

640 

B 24 

6PB 

<9/2? 

593 

Bp 3-a 

9.6PB 

2. 7/3. 6 

641 

B 3-a 

6.0PB 

2. 8/4.5 

594 

Bp 3— b 

0.4P 

3. 9/6.0 

642 

B 3-b 

5.8PB 

4. 1/5.2 

595 

Bp 3 -k: 

l.OP 

5.2/5.6 

643 

B 3-c 

5.5PB 

5. 3/6.0 

596 

Bp 3-^ 

2. OP 

6.3/5. 0 

644 

B 3-d 

5.5PB 

6. 7/6.0 

597 

Bp 3-e 

2.5P 

7. 2/4.7 

645 

B 3-c 

5.5PB 

7.7/6 

598 

Bp 3-f 

2.5P 

8.3/4 

646 

B 3-f 

5PB 

8.2/4 

599 

Bp 3-e 

4P 

9/2 

647 

B 3-e 

SPB 

9.1/3 

600 

Bp 3— n 

?5P 

>9/1? 

648 

B 

?5PB : 

>9/1? 

601 

Bp 4-a 

8.8PB 

2. 6/2. 4 

649 

B 4-a 

5. SPB 

2. 7/3.0 

602 

Bp 4-b 

0.5P 

3. 6/3.0 

650 

B 4-b 

5. SPB 

3. 9/4.0 

603 

Bp 4-c 

2. OP 

5. 2/3.0 

651 

B 4-c 

5.0PB 

5. 2/4. 5 

604 

Bp 4-d 

2.5P 

5. 8/3. 6 

652 

B 4-d 

5.0PB 

6. 0/4.0 

605 

Bp 4-e 

2. OP 

7. 3/4.0 

653 

B 4-e 

5. SPB 

6.9/3. 5 

606 

Bp 4-f 

3P 

8.3/3 

654 

B 4-f 

5. SPB 

8. 2/3.0 

607 

608 

Bp 4r-g 
Bp 4-n 

3P 

? 

9/2 

>9/1? 

655 

656 

B 4-e 

B 4-h 

SPB 8.9/2 

?SPB >9/1? 

609 

Bp 5-a 

8.5PB 

2. 5/0. 7 

657 

B 5-a 

S.OPB 

2.3/2.0 

610 

Bp 5— b 

9.0PB 

3. 7/1. 5 

658 

B 5-b 

4. SPB 

3. 8/3. 5 

611 

Bp 5-c 

0.4P 

4. 9/2.0 

1 659 

B 5-c 

S.OPB 

4.8/3. 5 

612 

Bp 5-d 

0.5P 

6. 2/2.4 

660 

B 5-d 

5. SPB 

5. 9/3.0 

613 

Bp 5-c 

1.5P 

6. 8/3.0 

661 

B 5-e 

5. SPB 

6. 8/2. 7 

614 

Bp 5-f 

2.5P 

7. 8/2.0 

662 

B 5-£ 

6.0PB 

7.7/2.S 

615 

Bp S-« 

3P 

8.5/1 

663 

B 5-e 

6PB 

8.6/2 

616 

Bp 5— h 

?3P 

9.2/ <1 

664 

B 

6PB >9/1? 

617 

Bp 6-a 

9.0PB 

2.9/0.5 

665 

B 6— a 

SPB 

2. 4/1.0 * 

618 

Bp 6-b 

9.5PB 

3. 7/0.5 

666 

B 6-b 

S.OPB 

3. 8/1. 5 

619 

Bp 6-c 

0.5P 

5. 2/0.8 

667 

B 6-c 

4.2PB 

5. 2/2.0 

620 

Bp 6-d 

l.OP 

5. 7/1.0 

668 

B 6-d 

S.OPB 

5. 8/1. 5 

621 

Bp 6-e 

l.OP 

6.9/1. 3 

669 

B 6-e 

5, SPB 

6.7/1. 5 

622 

Bp 6-f 

IP 

7. 8/1. 5 

670 

B 6-f 

6.0PB 

7.6/1. S 

623 

624 


1.5P 

1.5P 

8.5/1 

9.2/ <1 

671 

672 

B 6-e 

B 6-h 

6.5PB 8.6/l.S 
?7PB >9/1 
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TABLE n—CoHUnuei 

Comparison op Plocbbre colors rtitb Munseix book op coLomr—ConUniud 


Plochere 

number 

Plochere 

code 

Munsell 

color 

Plochere 

number 

Plochere 

code 

Munsell 

color 

673 

Bg 

1—a 

7.8PB 

2.3/10.5 

721 

Bgg 

1-a 

7.0PB 

2. 6/6.0 

674 

Bg 

1-b 

7.0PB 

4.0/14.0 

722 

Bgg 

1-b 

4.5PB 

3.3/12 

675 

Bg 

1-c 

6.0PB 

4.8/12.5 

723 

Bgg 

1-c 

3.2PB 

4.5/13 

676 

Bg 

1-d 

4.SPB 

6.3/11.0 

724 

Bgg 

l-d 

2.SPB 

S.4/I2 

677 

Bg 

1-e 

4.0PB 

7.5/9 

725 

Bgg 

l-€ 

2.0PB 

6.3/10 

678 

Bg 

1-f 

4PB 

8.3/6 

726 

Bgg 

1-f 

l.OPB 

7.5/8 

679 

Bg 

1-ff 

3PB 

9.0/3? 

727 

Bgg 

1-K 

IPB 

8.6/6 

680 

Bg 

1^ 

?3PB >9/1? 

728 

Bgg 

1^ 

lOB >9/3 

681 

Bg 

2-^ 

7.0PB 

2 5/6.0 

729 

Bgg 

2-a 

4.5PB 

2. 1/5.0 

682 

Bg 

2-b 

7.0PB 

4. 2/8. 5 

730 

Bgg 

2-b 

3.0PB 

3. 1/8.5 

683 

Bg 

2-c 

6.8PB 

5. 1/9.0 

731 

Bgg 

2-c 

2.0PB 

4.3/8.0 

684 

Bg 

2-^ 

5 5PB 

6. 6/8.0 

732 

Bgg 

2-d 

2.0PB 

5. 1/8.0 

685 

Bg 

2-« 

5.5PB 

7. 3/5. 3 

733 

Bgg 

2-0 

l.SPB 

6. 2/7.0 

686 

Bg 

2-£ 

4.5PB 

8.2/4 

734 

Bgg 

2-f 

1 OPB 

6.9/6.S 

687 

Bg 

2-e 

4PB 

9.0/3? 

735 

Bgg 

2-g 

IPB 

7.8/4 

688 

Bg 

2-fi 

?5PB 

>9/2? 

736 

Bgg 

2-H 

IPB 

8.8/3 

689 

Bg 

3— a 

5.0PB 

2. 3/3. 3 

737 

Bgg 

3-a 

1.3PB 

2. 5/2.5 

690 

Bg 

3-b 

5.0PB 

3. 9/5. 6 

738 

Bgg 

3-b 

l.OPB 

3. 2/6.5 

691 

Bg 

3--C 

5.5PB 

4. 9/5. 6 

739 

Bgg 

3-0 

1.3PB 

4.3/7. 5 

692 

Bg 

3-d 

S.OPB 

6.3/5. 5 

740 

Bgg 

3-d 

l.SPB 

S.4/7.S 

693 

Bg 

3-e 

S.8PB 

7. 6/4. 5 

741 

Bgg 

3-e 

0.5PB 

6. 3/6. 5 

694 

Bg 

3-f 

6.0PB 

8.1/4 0 

742 

Bgg 

3-f 

0.5PB 

6.9/6.0 

695 

Bg 

3-g 

6.5PB 

8. 8/3. 5 

743 

Bgg 


0.5PB 

7.8/5 

696 

Bg 

3-h 

7PB 

>9/2? 

744 

Bgg 

3-h 

1.3PB 

8.4/4 

697 

Bg 

4-a 

5.0PB 

2. 3/2. 4 

745 

Bgg 

4-a 

5PB 

2.0/1 .3 

698 

Bg 

4-b 

4.6PB 

3. 9/3. 3 

746 

Bgg 

4-b 

lO.OB 

2. 9/3. 5 

699 

Bg 

4-c 

5.4PB 

5. 1/4.0 

747 

Bgg 

4-c 

9. OB 

4. 1/5.2 

700 

Bg 

4-d 

5.6PB 

5. 8/3. 5 

748 

Bgg 

4-d 

9. OB 

4. 8/5. 5 

701 

Bg 

4-e 

6.3PB 

7. 1/3.0 

749 

Bgg 

4-e 

9.5B 

5. 8/5. 5 

702 

Bg 

i-f 

6.8PB 

8. 0/2. 5 

750 

Bgg 

4-f 

0.5PB 

7.2/6.0 

703 

Bg 

4-g 

7PB 

8.8/2 

751 

Bgg 

4-j 

l.OPB 

8.1/4.S 

704 

Bg 


?8PB 

>9/1 

752 

Bgg 

4-h 

2PB 

8.6/3 

70S 

Bg 

5-a 

5.0PB 

2.3/2. 0 

753 

Bgg 

5-a 

6PB 

2. 2/0.7 

706 

Bg 

5-b 

4.SPB 

3. 8/2. 5 

754 

Bgg 

5-b 

8B 

2. 7/1. 3 

707 

Bg 

5-c 

4.0PB 

4.8/2. 7 

755 

Bgg 

5-c 

8.5B 

3.9/3. 5 

708 

Bg 

S-d 

4.5PB 

5. 8/2. 5 

756 

Bgg 

S-d 

9.0B 

4.8/4.0 

709 

Bg 

5-e 

6.0PB 

6. 7/1. 8 

757 

Bgg 

5-e 

9.5B 

6.3/4.0 

710 

Bg. 


6.5PB 

7.5/2 

758 

Bgg 

5-f 

0.5PB 

7.4/3.2 

711 

Bg 

5-g 

7PB 

8.6/2 

759 

Bgg 


l.SPB 

7.7/3 

712 

Bg 

5^ 

?8PB 

>9/1? 

760 

Bgg 

S-h 

IPB 

8.4/2 

713 

Bg 

6-a 

6PB 

2. 4/0. 7 

761 

Bgg 

6-a 

2PB 

2. 3/0.5 

714 

Bg 

6-b 

5.5PB 

3. 7/1. 5 

762 

Bgg 

6-b 

8.0B 

3.0/1. 3 

715 

Bg 

6-c 

5.SPB 

5. 2/2.0 

763 

Bgg 

6-c 

8.0R 

4.2/2.0 

716 

Bg 

6-d 

6.2PB 

5. 8/2.0 

764 

Bgg 

6-d 

8.5B 

4.8/3. 5 

717 

Bg 

6-e 

7,0PB 

6. 8/2.0 

765 

Bgg 

6-c 

9.5B 

6. 1/3.0 

718 

Bg 

6-f 

7PB 

7. 2/1. 5 

766 

Bgg 

6-f 

O.SPB 

6.5/3.2 

719 

Bg 


8PB 

8.0/1. 5 

767 

Bgg 

6-e 

l.OPB 

7. 5/3.0 

720 

Bg 

6^ 

9PB 

8.6/1 

768 

Bgg 

6-h 

?2PB 

t.S/2 
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TABLE II — Continued 

Comparison of Plochbrb colors with Munsbll book op color — Continued 


Plochere 

number 

Plochere 

code 

Munsell 

color 

Plochere 

number 

Plochere 

code 

Munsell 

color 

769 

BG 1-a 

l.OPB 

2. 8/4. 5 

817 

Gbb 

1-a 

4. OB 

3. 0/4.0 

770 

BG 1-b 

9. OB 

3.6/7.S 

818 

Gbb 

1-b 

3. OB 

3.6/6. 5 

771 

BG 1-c 

6. OB 

4.9/9 

819 

Gbb 

1-c 

2. OB 

5. 1/7.5 

772 

BG 1-d 

7B 

5 7/9? 

820 

Gbb 

1-d 

2B 

5.8/8? 

773 

BG 1-e 

7. SB 

6. 8/8. 5 

821 

Gbb 

l"^ 

2. SB 

6.8/8 

774 

BG 1-f 

8. OB 

7.6/7 

822 

Gbb 

1-f 

3. OB 

7.4/6. 5 

775 

BG 1-x 

8. SB 

8.7/5 

823 

Gbb 

1-g 

3. OB 

8.4/5 

776 

BG l~h 

9B 

9/3 

824 

Gbb 

1-h 

3B 

9/4 

777 

BG 2-ci 

2.SPB 

2. 4/3.0 

82S 

Gbb 

2-a 

4. OB 

2.8/2. 5 

778 

BG 2-b 

9.2B 

3. 4/6. 5 

826 

Gbb 

2-b 

2. OB 

3.,V6.0 

779 

BG 2-^ 

7. OB 

4.6/8 

827 

Gbb 

2-c 

2. OB 

4.4/6., 8 

780 

BG 2-d 

7. SB 

5.4/8 

828 

Gbb 

2-d 

2. SB 

5.7/7 


BG 2-e 

9. OB 

6.5/7 

829 

Gbb 

2-e 

3. OB 

6.6/6. 5 


BG 2-f 

8. SB 

7.3/7 

830 

Gbb 

2-f 

3. OB 

7.4/5. 5 


BG 2-e 

8. OB 

8.0/S 

831 

Gbb 


3. OB 

7. 7/4. 5 

784 

BG 2-h 

7B 

9/3 

832 

Gbb 

24 

3B 

8.6/4 

785 

BG 3-a 

l.OPB 

2. 2/1. 5 

833 

Gbb 

3-a 

6B 

2. 4/1. 5 

786 

BG 3-b 

8. OB 

3. 1/2.5 

834 

Gbb 

3-b 

3. OB 

3. 5/3. 5 


BG 3-c 

7. SB 

4. 2/3.0 

83S 

Gbb 

3-c 

1.5B 

4. 5/5.0 

Kn 

BG 3^ 

8. OB 

5. 6/5.0 

836 

Gbb 

3-d 

3. SB 

5. 7/5.5 

Kh 

BG 3-e 

8 SB 

6. 7/6.0 

837 

Gbb 

3-e 

4. OB 

6. 6/6. 5 

790 

BG 3-f 

8. OB 

7. 3/6.0 

838 

Gbb 

3-f 

3.3B 

7. 2/5.0 

701 

BG 3-g 

7. SB 

7. 8/4.0 

839 

Gbb 


4.2B 

8.0/4. 5 

792 

BG 3-h 

7. OB 

7. 7/3. 5 

840 

Gbb 

3-E 

6B 

8.2/4 


BG 4-a 

4PB 

2.1/1 

841 

Gbb 

4-a 

9B 

2. 4/0.5 


BG 4-b 

7. OB 

3. 0/2.0 

842 

Gbb 

4-b 

3. OB 

3. 0/1. 5 


BG 4-c 

7. OB 

3. 9/3. 5 

843 

Gbb 

4-c 

3. OB 

4. 2/3. 5 

Hn 

BG 4-d 

6. SB 

4. 6/4.0 

844 

Gbb 

4-d 

2. SB 

5. 1/4.0 


BG 4-e 

6. OB 

6. 0/4.0 

84S 

Gbb 

4-e 

2. OB 

6. 2/3. 5 


BG 4-f 

8. SB 

7. 1/4.5 

846 

Gbb 

4-f 

4. SB 

7. 8/3. 5 

KW 

BG 4-g 

9. SB 

8. 1/3.5 

847 

Gbb 

4-g 

4. SB 

8. 2/2. 5 

800 

BG 4-h 

?8B 

8. 4/2. 5 

848 

Gbb 


?4B 

8.9/2 

801 

BG 5-a 

4PB 

2. 3/0. 5 

849 

Gbb 

5-a 

2PB 

1.8/0. 5 

802 

BG 5-b 

9B 

3. 1/2.5 

8S0 

Gbb 

5-b 

4. OB 

2. 8/1. 3 

803 

BG 5-c 

7. OB 

4. 0/2. 5 

851 

Gbb 

5-c 

3. SB 

3. 8/3.0 

804 

BG 5— d 

6. OB 

5. 3/2. 5 

8S2 

Gbb 

5-d 

3. OB 

5. 1/3.5 

805 

BG 5-e 

5. SB 

6. 3/2.0 

853 

Gbb 

5-e 

l.SB 

6. 1/3.0 

806 

BG 5— f 

6. SB 

6. 8/2.0 

854 

Gbb 

5-f 

3. OB 

6. 7/3.0 

807 

BG 5-g 

9. OB 

7.9/2 

8SS 

Gbb 

5-g 

4. OB 

7. 7/2. 5 

808 

BG 5— h 

9. SB 

8.3/2 

856 

Gbb 

5^ 

SB 

8. 2/2.0 

809 

BG 6-a 

4PB 

2. 4/0. 4 

857 

Gbb 

6-a 

?SPB 

1.5/0. 4? 

810 

BG 6— b 

9. OB 

3. 1/2.4 

858 

Gbb 

6-b 

?3B 

2. 6/0. 8 

811 

BG 6-c 

6. SB 

4. 0/2.0 

859 

Gbb 

6^ 

4B 

4. 4/1, 6 

812 

BG 6-d 

7. SB 

5. 1/1. 5 

860 

Gbb 

6-d 

3B 

5. 3/2.4 

813 

BG 6-e 

8. OB 

6.3/l.S 

861 

Gbb 

6-c 

3B 

6. 5/2.0 

814 

BG 6“f 

9. OB 

6. 8/1. 5 

862 

Gbb 

6-f 

4B 

6. 9/1, 6 

815 

816 

BG 6— ff 
BG 6-h 

l.OPB 

O.SPB 

7.7/1 

8.2/1 1 

863 

864 

Gbb 

Gbb 

n 

6B 

lOB 

7. 7/1, 3 
8.4/1 
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TABLE II — Continued 

Comparison op Plochbrb colors with Munsell book op color— ‘Continued 


Plochere 

number 

Plochere 

code 

Munsell 

color 

Plochere 

number 

Plochere 

code 

Munsell 

color 


Gb 

W 

9.0BG 

3. 2/6.0 

913 

G 

1-a 

3.SBG 

3.2/5. 5 


Gb 

1-b 

7.0BG 

4.2/6. 5 

914 

G 

1-b 

3.0BG 

4.S/6.0 


Gb 

1-c 

7.0BG 

5.2/8 

915 

G 

1-c 

3.0BG 

5.4/8 


Gb 

1-d 

8.0BG 

5.7/9 

016 

G 

1-d 

2.5BG 

6.2/9? 


Gb 

1-e 

9BG 

6.7/9? 

917 

G 

1-e 

2BG 

7.3/8 

870 

Gb 

1-f 

8RG 

7.9/7? 

918 

G 

1-f 

3BG 

8.3/5 

871 

Gb 


9BG 

8.8/5? 

919 

G 


4BG 

9.0/4 

872 

Gb 

i-h 

?10BG 

>9/2 

920 

G 

i4 

?4BG >9/2 

873 

Gb 

2-a 

9.0BG 

2. 8/3.0 

921 

G 

2-a 

6.0BG 

2. 8/3. 6 

874 

Gb 

2-b 

9.0BG 

4. 1/6.0 

922 

G 

2-b 

3.5BG 

4. 0/5. 6 

875 

Gb 

2-c 

8.0BG 

4. 9/6.0 

923 

G 

2-c 

4.0BG 

5. 1/7.0 

876 

Gb 

2-d 

7.SBG 

5.7/8 

924 

G 

2-d 

3.5BG 

5.8/8 

877 

Gb 

2-e 

8.8BG 

6.6/8? 

925 

G 

2-c 

4.0BG 

6.7/8? 

878 

Gb 

2-f 

8BG 

7 6/6? 

926 

G 

2-f 

3.0BG 

7.5/7? 

879 

Gb 

2-b 

8BG 

8.3/4. 5 

927 

G 

2-8 

4BG 

8.3/4 

880 

Gb 

2-h 

9BG 

9.2/3? 

928 

G 

2-h 

5BG 

9.0/2 

881 

Gb 

3-a 

lOBG 

2. 7/1. 5 

929 

G 

3-a 

9BG 

2. 6/2.0 

882 

Gb 

3-b 

8.5BG 

3 6/3.5 

930 

G 

3-b 

5.0BG 

3. 7/4.4 

883 

Gb 

3-c 

8.5BG 

4. 5/4. 5 

931 

G 

3-c 

4.0BG 

4. 6/5.0 

884 

Gb 

3-^ 

9.0BG 

5. 6/5. 5 

932 

G 

3-d 

3.8BG 

5.4/5. 5 

885 

Gb 

3-e 

9.0BG 

6. .S/6.0 

933 

G 

3-e 

4.5BG 

6.0/6. 0 

886 

Gb 

3-f 

8.8BG 

7. 7/5.0 

934 

G 

3-f 

6.0BG 

7. 4/6.0 

887 

Gb 

3-e 

8.5BG 

8.,V4 

935 

G 


6.5BG 

8. 4/4.0 

888 

Gb 

3^ 

?8BG 

8.9/4? 

936 

G 

3-h 

7BG 

8. 6/3.0 

889 

Gb 

4-a 

1.5B 

2. 1/1.3 

937 

G 

4-a 

IB 

2 4/1.0 

890 

Gb 

4-b 

0.5B 

3. 6/2. 8 

938 

G 

4-b 

6.2BG 

3. 5/2. 5 

891 

Gb 

4-c 

0.5B 

4. 7/3. 5 

939 

G 

4-c 

5.5BG 

4. 5/3. 5 

892 

Gb 

4-d 

9.0BG 

5. 2/4.4 

940 

G 

4-d 

6.0BG 

5. 2/3. 5 

893 

Gb 

4-« 

9.5BG 

6. 2/4.0 

941 

G 

4-e 

6.8BG 

6. 2/4.0 

894 

Gb 

4-f 

lO.OBG 

7. 4/3. 5 

942 

G 

4-f 

8.0BG 

7. 8/3. 5 

895 

Gb 

4-e 

l.OB 

8. 4/3. 5 

943 

G 

4-k 

9BG 

8. 4/2. 5 

896 

Gb 

4-h 

IB 

9.0/3 

914 

G 

4-h 

9BG 

8.8/2 

897 

Gb 

5-a 

4B 

2.0/1 0 

945 

G 

5-a 

2B 

2. 1/0.5 

898 

Gb 

5-b 

2. OB 

3. 3/2.0 

946 

G 

5-b 

7BG 

3. 8/1. 5 

899 

Gb 

5-c 

l.OB 

4. 3/3.0 

947 

G 

5-c 

6.0BG 

4. 4/2.0 

900 

Gb 

5-d 

l.OB 

5. 2/3,0 

948 

G 

S-d 

5.5BG 

5. 2/2. 5 


Gb 

5-e 

1.3B 

6.3/2. 8 

949 

G 

5-e 

5.8BG 

6. 1/2. 7 

902 

Gb 

S-f 

1.5B 

7. 4/2. 8 

950 

G 

5-f 

6.0BG 

6. 8/3,0 

903 

Gb 


2. OB 

8. 4/2.0 

951 

G 

5-g 

7.5BG 

7. 6/2. 5 

904 

Gb 

5^ 

2. OB 

8 7/1.5? 

952 

G 

5-h 

8.5BG 

8. 2/2.0 

905 

Gb 

6-a 

?6B 

2.3/0. 5 

953 

G 

6-a 

5B 

2. 0/0. 4? 

906 

Gb 

6-b 

?2B 

3. 3/1.0 

954 

G 

6-b 

l.OB 

3. 3/1.0 

907 

Gb 

6-c 

1.5B 

4. 3/1. 5 i 

955 

G 

6-c 

9.5BG 

4. 2/1. 6 

908 

Gb 

6-d 

l.OB 

5. 2/2.0 

956 

G 

6-d 

9.0BG 

5. 1/2.0 

909 

Gb 

6-e 

0.5B 

6. 0/2.0 

957 

G 

6-e 

lO.OBG 

6.2/2. 0 

910 

Gb 

6-f 

lOBG 

6. 7/2.0 

958 

G 

6-f 

9.5BG 

7. 2/1.6 

911 

Gb 

6-i 

IB 

7. 3/1. 5 

959 

G 

6-e 

l.OB 

7. 7/1. 5 

912 

Gb 


2B 

8.2/l.S 

960 

G 

6-h 

2B 

8.4/1 
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TABLE II — CanHnked 


Comparison of Plochbrb colors with Munsbll book of color— -CanUnued 


Plochere 

number 

Plochere 

code 

Munsell 

color 

Plochere 

number 

Plochere 

code 

Munsell 

color 

961 

Gy 1-a 

2.0BG 

3.1/7 

1009 

Gyy 1-a 

5.0G 

4.3/11? 

962 

Gy 1-b 

9.5G 

4.6/8 

1010 

Gyy 1-b 

4.5G 

5.4/12? 

963 

Gy 1-c 

9.0G 

5.5/9? 

1011 

Gyy 1-c 

4.0G 

6.1/12? 

964 

Gy 1-d 

9.0G 

6.2/9? 


Gyy 1-d 

4.0G 

6.7/10? 

965 

Gy 1-e 

0.5BG 

6.8/9? 

1013 

Gyy 1-e 

4.5G 

7. 5/8.0 

966 

Gy 1-f 

l.OBG 

8.2/8? 

1014 

Gvy 1-f 

S.5G 

8.4/7 

067 

Gy l-K 

1 5BG 

8.6/6? 


Gyy 1-j? 

6.0G 

9/4 

968 

Gy 1-h 

2BG 

>9/4? 

1016 

Gyy 1-h 

?7G 

>9/2 

869 

Gy 2-a 

1 OBG 

3. 0/4.0 

1017 

Gyy 2-fi 

4.5G 

3.3/6 

970 

Gy 2-b 

lO.OG 

4. 6/5. 6 


Gyy 2-b 

4.5G 

4. 8/8.0 

971 

Gy 2-c 

0.8BG 

5.3/6. 5 


Gyy 2-c 

4.5G 

5. 8/7. 5 

972 

Gy 2-d 

l.OBG 

6. 0/7.0 


Gyy 2-d 

4.2G 

6. 8/7.0 

973 

Gy 2-e 

l.OBG 

6, 8/6. 5 


Gyy 2-e 

5.5G 

7. 8/7.0 

974 

Gy 2-f 

1.5BG 

7.6/6? 


Gyy 2-f 

5.7G 

8. 3/6.0 

975 

Gy 2-ft 

?2BG 

8.8/4 


Gyy 2-ir 

6G 

8.9/4 

976 

Gy 2-n 

?5BG 

>9/1? 


Gyy 2^ 

7G 

>9/2 

977 

Gy 3-a 

2 5BG 

2 7/2.0 

1025 

Gyy 3-a 

7.0G 

2. 9/2. 2 

978 

Gy 3-b 

0.8BG 

3. 9/3. 5 

1026 

Gyy 3-b 

6.3G 

3. 9/3. 6 

979 

Gy 3-c 

1.5BG 

4. 8/4. 5 

1027 

Gyy 3-c 

6.5G 

5. 2/4.0 

980 

Gy 3-d 

2.5BG 

5.4/5. 0 

1028 

Gyy 3-d 

6.0G 

5.9/4. 5 

981 

Gy 3-€ 

3.5BG 

6.2/5.0 

1029 

Gyy 3-e 

5.5G 

6. 9/4.0 

982 

Gy 3-f 

3.5BG 

7.3/5 


Gyy 3-f 

6.5G 

8. 0/3. 5 

983 

Gy 3-« 

3BG 

8.4/4 

1031 

Gyy 3-g 

6.SG 

8. 5/2. 5 

984 

Gy 3— n 

?5BG >9/2? 

1032 

Gyy 3^ 

7G 

9/2 

985 

Gy 4-a 

?3BG 

2. 3/1. 6 

1033 

Gyy 4-a 

8G 

2. 3/2.0 

986 

1 Gy 4-b 

l.OBG 

3, 7/2.5 

1034 

Gyy 4-b 

6.0G 

3. 8/2. 5 

987 

Gy 4-0 

3.5BG 

4. 2/3. 5 

1035 

Gyy 4-c 

6.0G 

5. 1/3.0 

988 

Gy 4-d 

3.8BG 

5. 2/3. 5 

1036 

Gyy 4-d 

6 5G 

5 7/2.7 

989 

Gy 4-e 

3.5BG 

6.0/3. 2 

1037 

Gyy 4-e 

7.0G 

6. 6/3.0 

990 

Gy 4-f 

4. OBG 

7. 4/3.0 

1038 

Gyy 4-f 

7.5G 

7. 8/2. 7 

991 

Gy j-K 

5. OBG 

8 6/2.4 

1039 

Gyy 4r-g 

7.5G 

8.6/2 0 

992 

Gy 4-h 

7BG 

9.0/2 

1040 

Gyy 4-h 

8G 

9.0/1. 5? 

993 

Gy S-a 

7BG 

1.8/1. 5 

1041 

Gyy 5-a 

9G 

2. 4/1.0 

994 

Gy S-b 

3.8BG 

3. 2/1. 6 

1042 

Gyy 5-b 

8.5G 

3. 5/1. 5 

995 

Gy 5-c 

4. OBG 

4.4/2. 8 

1043 

Gyy 5-c 

8.3G 

4.8/2. 0 

996 

Gy 5-d 

4.5BG 

5. 3/2. 5 

1044 

Gyy 5-d 

10. OG 

5. 1/2.0 

997 

Gy S-e 

4,SBG 

6. 2/2.4 

1045 

Gyy 5-e 

lO.OG 

6. 6/1. 5 

998 

Gy 5-f 

5.5BG 

6. 5/2. 5 

1046 

Gyy 5-f 

1.0BG6.9/1.5 

999 

Gy ^ 

6.0BG 

7.7/2.S 

1047 

Gyy 5-g 

2BG 

7. 8/1. 3 

1000 

Gy 5-h 

7BG 

8.4/2 

1048 

Gyy S-h 

2BG 

8.6/1 

K 

Gy 6-a 

?10BG 

2 3/1 

1049 

Gw 6-a 

4BG 

2. 5/0.5 ; 

m 

Gy 6-b 

6BG 

3.4/1. 5 

1050 

Gyy 6-b 

2BG 

3. 7/1.0 


Gy 6-c 

6.5BG 

4.4/2. 0 


Gyy 6-c 

2BG 

4. 9/1.0 

K 

Gy 6-d 

6.8BG 

5. 2/2.4 


Gyy 6-d 

3BG 

5. 6/0.7 

K 

Gy 6-e 

6.5BG 

6. 1/2.4 


Gyy 6-e 

?4BG 

6.4/0. 7 

lUUO 1 

Gy 6-£ 

7. OBG 

6. 8/2.0 

1054 

Gyy 6-f 

?4BG 

6. 7/0.5 

1007 

1008 1 

gtf 

9. OBG 
lOBG 

7.7/2 0 
8.4/1. 5 

1055 

1056 

Gyy 6-g 
Gyy 6-h 

5BG 

?7BG 

7. 7/0.5 
8.5/0.3 
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TABLE M—Cotitkuud 

CoupAaisoN Of Plochbuc colors wits Monsbll book at cauaat—CotMmud 


Plochere 

number 

Plochere 

code 

Munsell 

color 

Plochere 

number 

Plochere 

code 

Muniell 

color 

1057 

GY 

1-A 

3.8G 

4.8/12? 

1105 

Ygg 1-a 

9GY 

6.3/14? 

1058 

GY 

1-b 

2.5G 

S.8/12 

1106 

Ygg 1-b 

9.SGY 

7.0/12? 

1059 

GY 

1-c 

2.0G 

6.7/11 

1107 

Ygg 1-c 

9.0GY 

7.7/11 

1060 

GY 

1-d 

2.0G 

7.3/10 

1108 

Ygg 1-d 

8.0GY 

8. 5/9.0 

1061 

GY 

1-e 

1.8G 

8. 2/9.0 

1109 

Ygg 1-e 

7.SGY 

8.8/7. 5 

1062 

GY 

1-f 

1.3G 

8. 8/7.0 

1110 

Ygg 1-f 

6.SGY 

9. 2/5.0 

1063 

GY 

l-K 

IG 

>9/4 

nil 

Ygg 1-g 

5GY >9/4 

1064 

GY 

1-h 

?10GY 

>9/2 

1112 

Ygg 1-E 

?5GY >9/1? 

1065 

GY 

2-a 

2.5G 

3. 8/6.0 

1113 

Ygg 2-a 

9.5GY 

5.4/10.5 

1066 

GY 

2-b 

2.0G 

S. 1/7.0 

1114 

Ygg 2-b 

9.0GY 

6. 5/9.0 


GY 

2-c 

1.5G 

6.2/6.7 

1115 

Ygg 2-c 

7.8GY 

7. 1/7.6 


GY 

2-d 

1.3G 

7. 0/S. 6 

1116 

Ygg 2-d 

7.2GY 

7. 9/7. 2 


GY 

2-e 

1.3G 

8.0/6.0 

1117 

Ygg 2-e 

6.SGY 

8. 7/6. 5 


GY 

2-f 

l.OG 

8.5/4.0 

1118 

Ygg 2-f 

6.0GY 

9. 0/5.0 

1071 

GY 

2-|t 

IG 

9.0/3 

1119 

Ygg 2-g 

5GY >9/4? 

1072 

GY 

2— h 

?10GY 

>9/1 

1120 

Ygg 2-S 

?5GY >9/1? 

1073 

GY 

3— a 

2.5G 

3. 1/3.0 

1121 

Ygg 3-a 

8.0GY 

4. 1/6.5 


GY 

3-b 

l.OG 

4.8/4. 4 

1122 

Ygg 3-b 

7.2GY 

5. 2/6.0 


GY 

3-c 

l.OG 

5. 8/4.4 

1123 

Ygg 3-c 

7.0GY 

6.3/5. 5 


GY 

3-d 

O.SG 

6. 4/3. 6 

1124 

Ygg 3-d 

6.8GY 

6.8/5. 2 

WLilM 

GY 

3-e 

0.5G 

7.0/3.S 

1125 

Ygg 3-e 

6.0GY 

7. 8/5.0 

1078 

GY 

3-f 

lO.OGY 

8. 3/2. 5 

1126 

Ygg 3-f 

S.SGY 

8. 5/4.0 


GY 


lOGY 

9/1.5 

1127 

Ygg 3-g 

5.0GY 

9.2/3 

1080 

GY 

3-h 

?10GY 

>9/1 

1128 

Ygg 

?5GY >9/1? 

1081 

GY 

4-a 

3.SG 

2. 7/1. 5 

1129 

Ygg 4r-a 

7.SGY 

3.4/4. 5 

1082 

GY 

4-b 

l.OG 

3. 8/3. 2 

1130 

Ygg 4-b 

7.0GY 

4. 8/4. 5 

1083 

GY 

4-c 

l.OG 

5.0/3. 5 

1131 

Ygg 4-c 

6.0GY 

S. 7/4.0 

1084 

GY 

4-d 

0.5G 

6. 0/3. 5 

1132 

Ygg 4-d 

S.SGY 

6.4/3. 5 

1085 

GY 

4-e 

lO.OGY 

7. 0/3.0 

1133 

Ygg 4-e 

5.0GY 

7. 3/3. 2 

1086 

GY 

4-f 

l.OG 

8. 0/2.0 

1134 

Ygg 4-f 

4.5GY 

8. 5/3.0 

1087 

GY 

4-« 

2.5G 

8. 8/1.0 

1135 

Ygg 4-g 

4.5GY 

9. 0/2. 5 

1088 

GY 

4-h 

?3G 

>9/0.7? 

1136 

Ygg 4-E 

?4GY 

>9/1 

1089 

GY 

5-a 

2.SG 

2. 3/0. 8 

1137 

Ygg S-a 

7.5GY 

3. 1/2.0 

1090 

GY 

5-b 

2.0G 

3. 5/1. 5 

1138 

Ygg S-b 

7.0GY 

3. 8/2. 8 

1091 

GY 

5-c 

1.3G 

4. 9/1. 6 

1139 

Ygg S-c 

6.SGY 

5.3/3.0 

1092 

GY 

5-d 

O.SG 

5. 8/2.0 

1140 

Ygg S-d 

S.8GY 

6. 2/2. 8 

1093 

GY 

5-e 

O.SG 

6.9/1. 5 

1141 

Ygg S-e 

S.5GY 

7.2/2.S 

1094 

GY 

•5-f 

lO.OGY 7.6/1. 0 

1142 

Ygg S-f 

5.0GY 

7.7/2.S 

1095 

GY 

S-g 

lOGY 

8. 0/0. 8 

1143 

Ygg S-g 

5GY 

8.1/1. S 

1096 

GY 

5-h 

?10GY 

8. 5/0. 5 

1144 

Ygg S-E 

?4GY 

8.7/1 

1097 

GY 

6-a 

3G 

2. 1/0.5 

1145 

Ygg 6-a 

6GY 

2. 5/1. 5 

1098 

GY 

6-b 

2G 

3. 8/1.0 

1146 

Ygg 6-b 

6.0GY 

3. 9/2.0 

1099 

GY 

6-c 

IG 

4. 6/0. 8 

1147 

Ygg 6-c 

6.5GY 

5. 0/1. 8 

1100 

GY 

6-d 

IG 

5. 7/1.0 

1148 

Ygg 6-<i 

6.SGY 

5.4/1, 8 

1101 

GY 

6-e 

lOGY 

6.6/1. 0 

1149 

Ygg 6-c 

S.SGY 

6.9/1. 6 

1102 

GY 

6-f 

lOGY 

7.2/1.0 

1150 

Ygg 6-f 

S.SGY 

7.3/1 .2 

1103 

GY 


?10GY 

7.8/0. 7 

1151 

Ygg <H! 

SGY 

8.0/1. 0 

1104 

GY 


?10GY 

8.5/0.5 

1152 

Ygg 6-E 

74GY 

8.6/0.5 
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TABLE ll—CoHCtMdei 

COMFAWSON OF PlOCHEFB COLOE8 WITH MUNSBIX BOOK OF COLOE-C>l.rf«irf 


Plochere 

number 

Plochere 

code 

Munaell 

color 

Plochere 

number 

Plochere 

code 

Munaell 

color 

1153 

1154 

1155 

1156 

1157 

1158 

1159 

1160 

Yg 1-a 

Yg 1-b 

Yg 1-c 

Yg 1-d 
Yg l-€ 

Yg 1-f 

6.5GY 7.6/13 
4.5GY 8.5/11 
3.5GY 8.9/10 
2.5GY 9.2/9 

2GY >9/7 

IGY >9/6 

IGY >9/3 
?10Y >9/1 

1201 

1202 

1203 

1204 

1205 

1206 

1207 

1208 

YYg 1-a ■ 
YYg 1-b 
YYg 1-c 
YYg 1-<1 
YYg 1-e 
YYg 1-f 
YYg 1-g 
YYg 1-H 

2.0GY 8.0/10 
1.5GY 8.8/10.0 
l.OGY 8.9/9.0 
lOY 9.0/8 

lOY 9.1/7? 

9Y 9.2/6? 

9Y >9/4? 

8Y >9/1? 

1161 

1162 

1163 

1164 

1165 

1166 

1167 

1168 

Yg 2-a 
Yg 2-b 
Yg 2-c 
Yg 2-d 
Yg 2-e 
Yg 2-f 
Yg 2-g 
Yg 2-h 

5.8GY 7.0/11.0 
4.5GY 7. 8/8.0 
3.0GY 8. 3/8.0 
2.5GY 8.9/6. 5 
2.0GY 9. 2/6.0 
1.5GY>9/5 

IGY >9/4? 
lOY >9/1? 

1 

YYg 2-a 
YYg 2-b 
YYg 2-c 
YYg 2-d 
YYg 2-e 
YYg 2-f 
YYg 2-g 
YYg 2-h 

1.5GY 7.4/8.0 
0.5GY 8.0/8.0 
lO.OY 8.8/8 , 
9.0Y 9/7 

9Y >9/6 

9Y >9/4 

8Y >9/2 

?7Y >9/1 

1169 

1170 

1171 

1172 

1173 

1174 

1175 

1176 

Yg 3-a 
Yg 3-b 
Yg 3-c 
Yg 3^ 
Yg 3-e 
Yg 3-f 
Yg 3-g 
Yg 3-h 1 

4.5GY8 5.9/8. 
3.2GY 7. 0/8.0 
2.5GY 7. 8/7.0 
2.5GY 8.3/6.0 
2.0GY 9.0/5. 0 
1.5GY >9/4.5 

IGY >9/4 
?10Y >9/1? 

1217 

1218 

1219 

1220 
1221 
1222 

1223 

1224 

YYg 3-a 
YYg 3-b 
YYg 3-c 
YYg 3-d 
YYg 3-e 
YYg 3-f 
YYg 3-g 
YYg 3-h 

2.0GY 5. 8/7.6 
1.5GY 6.8/7.0 
1.8GY 7. 8/7.0 
1.5GY 8. 4/6. 7 
0.5GY 8.9/6. 0 
lOY >9/5 
lOY >9/4 
lOY >9/3 

1177 

1178 

1179 

1180 
1131 
1182 

1183 

1184 

Yg 4-a 
Yg 4-b 
Yg 4-c 
Yg 4-d 
Yg 4-e 
Yg 4-f 
Yg 4-g 
Yg 4-h 

4.5GY 4. 6/4.5 
4.0GY 5. 5/5. 5 
3.0GY 6. 5/5. 5 
2.5GY 7. 2/5.0 
2.0GY 7. 8/4. 5 
2.0GY 8. 1/4.5 ! 

2GY 8. 6/3. 5 

IGY >9/1? 

K 1 

YYg 4-a 
YYg 4-b 
YYg 4-c 
YYg 4-d 
YYg 4-e 
YYg 4-f 
YYg 4-g 
YYg 4-h 

4.0GY 4. 6/5. 5 
3.0GY 5.4/6. 0 
2.5GY 6. 6/5.0 
1.8GY 7. 2/5.0 
1.8GY 7.9/4.7 
l.OGY 8.9/3 
IGY >9/3? 
lOY >9/2? 

1185 

1186 

1187 

1188 

1189 

1190 

1191 

1192 

Yg S-a 
Yg 5-b 
Yg S-c 
Yg 5-d 
Yg S-e 
Yg 5-f 

?|£5 

6.0GY 3. 3/4.0 
5.0GY 4.6/3. 5 
4.5GY 5. 5/3. 5 
4.0GY 6.5/3. 5 
3.3GY 7. 4/3.0 
3.0GY 7. 8/2. 8 
2.5GY 8.1/2. 5 
2GY 8.8/2 

1233 

1234 

1235 

1236 

1237 

1238 

1239 

1240 

YYg 5-a 
YYg 5-b 
YYg 5-c 
YYg 5-d 
YYg 5-e 
YYg 5-f 
YYg 5-g 
YYg 5-h 

5.0GY 3. 5/4. 4 
4.0GY 4.6/4.0 
4.0GY 5. 7/3. 6 
3.2GY 6. 5/3. 5 
2.5GY 7. 3/3. 5 
2.0GY 7. 8/3.0 
1.5GY 8.5/2.4 
IGY 9.0/2 

1193 

1194 

1195 

1196 

1197 

1198 

1199 

1200 

Yg 6-a 
Yg 6-b 
Yg 6-c 
Yg 6-d 
Yg 6-e 
Yg 6^ 

6.5GY 2. 7/1. 5 
5.0GY 3.9/2.0 
4.5GY 5. 1/2.4 
4.5GY 6. 0/2. 4 
3.5GY 6. 9/1. 6 
3.0GY 7. 3/1. 6 
2.5GY 7.9/1. 2 
2GY 8.5/1 

1241 

1242 

1243 

1244 

1245 

1246 

1247 

1248 

YYg 6-a 
YYg 6-b 
YYg 6-c 
YYg 6-d 
YYg 6-e 
YYg 6-f 
YYg 6-a 
YYg 6-1 

6.0GY 2. 7/2.0 

1 5.0GY 3.9/2. 5 

4.2GY 5.3/2.0 

1 4.0GY 6.2/2.0 

3.0GY 7.0/1. 6 
2.5GY 7.4/1. 5 
r 2.0GY 8. 1/1.2 
; ?1GY 8.9/1 
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and the occasional shifts of hue, produced by the addition of black* or other 
modifying pigments. It is clear that the hue changes were not intended, 
but arose from the mixture of pigments. The marked changes following 
numbers 1, 49, 97, and 145 appear to be due to the addition of raw sienna. 

The hues are fairly regularly distributed with the exception of a laige hiatus 
in the region of 7 . 5 P, which is filled in to some extent in the low chroma series. 
Probably this hue is not much used nowadays in higher chromas. There is 
also a break at lOY which is very clearly marked except in the series of highest 
chroma (1201-1208 and 1-8). 

A distinct impression was felt during the matching that the hues between 
RP and G through B tended to go towards blue with the addition of black. 
This is confirmed by Fig. 1. 

A similar polar plot of value against hue was prepared but is not reproduced. 
It shows the same general features, but less clearly. 

Two of the blocks, beginning with 625 and 673, are very similar as far as 
their leading colors are concerned, but produce delicately different results 
when mixed with white, so that their separate existence may be desirable from 
the standpoint of the decorator. The writer has no desire to go at this time 
into the elusive subject of pigment mixture, but colors 681-688 and 721-728 
offer a most interesting study. The leading colors of these series are very 
nearly alike, their color difference measured on the Hunter reflectometer (4) 
being only 2 . 2 judd. Mixture with white, however, produces widely different 
tints, the color difference between 722 and 682 for example, being 18 judd. 
The course of the two series in value and chroma is indicated in Fig. 2, in which 
the small circles indicate the series 721-728, the black dots the series 681-688. 



Fic. 2. VtUue and chroma of two series of which the leading colors are very nearly alike. 

* It is slated (8, p. 9) tiiat "as there is no such color as pure Nock we had a color mixed which 
we term Uaeh and whieh is called bloch in this system." 
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The Munsell hue of each sample is also indicated in the figure. The reason 
for behavior is seen in the spectral reflectance curves of Fig. 3, which show 
large differences at both ends of the spectrum. 



Fig. 3. Spectral reflectance of the leading colors in the series showtl in Fig. Z. 

The method of plotting used in Fig. 2 discloses great differences of behavior 
when different colors are mixed with white. In Fig. 4a the entire block 721- 
768 is set out, and it will be seen that the addition of white at first increases 
the chroma, with little effect on value, the curves exhibiting a maximum. 
The yellow-greens 1105-1152, on the other hand (see Fig. 46), are reduced in 
chroma by any addition of white, except where they have been largely mixed 
with black (1137-1144, 1145-1152). Figs. 4c and 4d show blocks inter- 
mediate in behavior and a rather irregular block is shown in Fig. 4e. 

The addition of white naturally leads to progressive hue changes. In Fig. 5 
the hues of the leading series in each block are plotted for each Plochere value 
level. There is some regularity in the behavior of the hues as white is added, 
the series in the neighborhood of 8Y and 2 . 5RP tending to converge to these 
hues, while other series diverge from 8PB, 6R, and (less definitely) 2.5G. It 
may be no more than a coincidence that 8Y and 8PB, also 2 . 5RP and 2 . 5G, 
are complementary pairs, especially since nothing appears at the comple- 
mentary of 6R. It will also be noted that levels d and e provide a fairly 
uniform range of hues in the leading series of the blocks. 

The fourth series of each block has been similarly plotted in Fig. 6. The 
points of divei^nce and convergence persist, though less marked, the one in 
the vicinity of 2.5RP and 2.5G being rather diffuse. At this chroma level 
the series beginning with 649 and 697 differ by little more than the probable 
error of matching. 
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A A A A /»o /\z M 

Fig. 4. VakiB and chroma, (a) A block of colors in which the oddiHon of whiio al first 
raises chroma markedly; (fr) one in which it lowers chroma excefii in the series of lowest satnr* 
ation; (c) and (d) blocks intermediate in behavior; (e) one with trregular changes in chroma. 
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Evaluation of the Plochere System 

In general the Plochere system seems very suitable for its purpose. Nearly 
all the samples have very uniform matte surfaces, only one being noted as 
significantly nonuniform over its area. Some colors of low value show slight 



Fig. 5. Hue changes with addition of while for the leading series of the 26 blocks. The 
ordinates are the Ploatere value levels. 



Fig. 6. Hue changes with addition of white for the fourth series of each block. 


bronzing, others are slightly glossy; but these defects are common to other 
systems using painted samples. The large size of the cards is a distinct 
advantage to the user. 

Some of the blocks are probably slightly fluorescent. This may be inevit- 
able in a system which covers so wide a range of chroma and value. None, 
however, seem to fluoresce notably in the near ultraviolet from a standard 
"black light" lamp. 

Many of the light tints are very difficult to distinguish from others of similar 
value in the same region of hue, and at first sight the system might be criticized 
IS being redundant. Such criticism would have to ignore the stated purpose 
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of the system, which is to show the colors obtained by mixing certain chromatic 
pigments with black and white in stated proportions. The ‘Rectangular" 
arrangement is probably the best for this purpose, though not necessary for 
the study of color harmony. 

A more valid criticism concerns the irregularity in hue, especially the large 
hiatus in the purple, which might well be filled in future editions. Not very 
much harm would be done by omitting the present Bg block (673-720), and 
a new one beginning near 2 5P might well replace it. On the other side 
of the hue circle, the blocks 1201-1248, 1-48, 49-96, and 97-144 might well 
be modified to keep them more constant in hue 
These arc minor defects, and detract only a little from the general useful- 
ness of the Plochere System in the field for which it is designed. It may 
further be suggested that colorimetrists and other color workers will find the 
Plochere cards a useful source of well made chromatic surfaces for any purpose 
where standardized samples arc not needed 
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DIAMOND DRILL HOLE G-M COUNTERS 

By K. Feldman* and G. M. Wright* 

Abstract 

A portable instrument for making gamma-ray surveys of diamond drill holes to 
depths of 1000 ft. is described. The circuit is given in detail. 

This instrument was designed for detecting gamma-rays in diamond drill 
holes of diameter not less than 1.25 in. to depths of 1000 ft. It consists of 
battery-operated electronic circuits with a G-M tube at the end of a cable, 
and indicates the counting rate on a rate meter and a loudspeaker. The 
chassis housing the electronic circuits is fastened to the side of the reel carrying 
the cable, and rotates with it. The reel is mounted on a portable framework 
designed to be carried by two men. 

Briefly, the circuit works as follows. Each '‘count'' from the G-M tube, 
attenuated by the cable, is amplified and actuates a trigger circuit. The 
square pulse thus generated is modulate<l by a neon oscillator. This modu- 
lated pulse, amplified by the power amplifier, gives a note in the loudspeaker 
and actuates the rate meter. 

The Electronic Circuit 

The early models of diamond drill hole counter apparatus developed at the 
National Research Laboratories, Ottawa, consisted of simple circuits similar 
to those used in other portable counters, with the addition of a probe at the 
end of a long cable. This probe contained the G-M tube and a suitable 
amplifier circuit (1). Field ex|XTience showed that various modifications 
were desirable, the most important of which was the elimination of the 
amplifier circuit in the probe since it frequently gave trouble and was very 
inconvenient to service. 

In the present instrument, these modifications have been made. Only the 
more unusual features will be described in detail. 

(a) G-M Tube and Cable 

The G-M tube is of the self-quenching type, requiring an operating voltage 
of about 1000 v. Both glass and all-metal types have been used, as discussed 
in a later section on probes. 

' Manuscript received November 2^ t94S. 
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When sufficient amplification is provided at the upper end of the cable, it is 
found satisfactory to omit the preamplifier in the probe. This not only 
avoids the trouble previously mentioned but also greatly simplifies the con- 
struction and makes it possible to permanently seal the probe. It also 
eliminates practically all drain on the high voltage circuit, and makes possible 
the use of a cable having only two conductors of negligible current-carrying 
capacity. 

(b ) High Voltage Circuit 

The high voltage circuit (VI and V2, Fig. 1) is of the same type as that 
previously discussc'd (1). However, since considerable amplification of the 
counts is necessary, and since the interconductor capacitance of the cable 
feeds the ripple from the high voltage circuit directly to the amplifier, it is 
necessary to add the two-stage filter. It is also necessary to exercise care in 
wiring, to avoid placing input leads where they might pick up ripple from 
the high voltage circuit. 

(c) Amplifier and Trigger Circuit 

The two-stage voltage amplifier (V3 and V4) has a gain of about 2500. 
The grid resistor in the first stage also serves as the load resistor for the G-M 
tube. Its value, 15000 ohms, has been chosen to give sufficiently large but 
not excessively long pulses. With cables having an interconductor capacitance 
of up to 0.02 /if. this resistance results in pulses up to about one-third of a 
millisecond in length. For the present application it is considered unnecessary 
to reduce the pulse length by replacing part of the load resistance with 
inductance. 

The trigger circuit (V5 and V6) is of the conventional type except that the 
biased tube is a pentagrid converter (V6). Grid No. 3 of this tube serves as 
the input grid for the neon audio-frequency oscillator (V7). During the con- 
ducting periods of V6, i.e., when a pulse trips the trigger circuit, the plate 
current of this tube is, therefore, modulated at the audio frequency (approxi- 
mately 1000 c.p.s.). Two sets of coupling constants in the trigger circuit, 
selected by means of the ‘‘OFF-LO-HT* switch, give conducting pericxls of 
either 0.25 or 0.001 sec. approximately. 

(d) Power Amplifier and Output Circuits 

The resistance and capacitance in the coupling between the trigger circuit 
and the power amplifier (V8) are chosen to differentiate the (negative) pulses 
from the biased tube. The audio-frequency modulation on each pulse that 
arrives at the grid of the power amplifier has, therefore, a positive as well as a 
negative portion. The tube can then be biascfl to cutoff, thus making it 
convenient to operate the rate meter in the screen circuit and the speaker in 
the plate circuit of this tube. As normally used, i.e., with the range switch in 
the “LO** [X)sition, each “count” from the G-M tube thus gives a shrill note 
about 0.25 secs, long, in the speaker. The pitch of this note is such that it is 
not easily confused with other sounds in the vicinity, so does not keep the 
operators under a constant strain. The importance of this is realized when 
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it is noted that during a large part of the time only the very low subsurface 
background activity is encountered. Under such conditions the lowering of 
the probe is halted to take rate meter readings only at 5 or 10 ft. intervals, 
yet narrow occurrences in between these points must not be missed. 

The rate meter, which measures the averaged screen current in the power 
amplifier, has a time constant of about five seconds. A pushbutton switch S3 
makes it possible to discharge the rate meter capacity quickly when desired. 
In the “LO” range the rate meter gives a full scale reading for about 200 
counts per minute. In the “HT* range (pulse length approximately 0.001 
sec.) it has a full scale simsitivity of about 2000 counts per minute. The 
modulated pulses from the trigger circuit are then too short for the audio 
tone in the speaker to be recognized as such. However, the higher counting 
rates that necessitate the use of this range partially compensate for this, and 
a satisfactory aural signal results. Also, under such conditions the more 
frequent rate meter readings taken render the aural signal less important. 

The rate meter is essentially linear in each range. A decrease of 5 v. in 
the “B” voltage, however, results in a decrease in sensitivity of about 15%. 
For the present application this was not considered of sufficient importance 
to warrant the inclusion of means for setting the “B** voltage at a fixed value. 
Other factors influencing the sensitivity of the rate meter are discussed in 
Section (/). 

(e) Switching^ Meterings Batteries^ etc. 

Two 1.5 V. “A’* batteries (such as Eveready No. 742) have adequate 
capacity to permit continuous operation for several hours at a time. Two 
separate supplies (made up of 67.5 v. batteries such as Eveready No. 
467) are used to eliminate coupling between the input amplifier and the high 
voltage or neon oscillator circuits. One of these, Bl, supplies 135 v. to permit 
the satisfactory ojxTation of the neon oscillator. The bias supplies. Cl and 
C2, are provided by miniature batteries such as Eveready No. 411 (15 v.) 
and No. 412 (22 5 v.). 

The switch S2 allows the use of the 0-1 ma. meter, normally in the rate 
meter circuit, for checking the “A"' and '‘B” batteries. It has been found 
very useful to include, also, an electrostatic voltmeter to constantly indicate 
the high voltage. The similarity between the low counting rates frequently 
encountered and the results in more active regions when the operating voltage 
is slightly too low is otherwise a constant source of worry. Also, problems 
connected with diagnosing trouble while the probe is hundreds of feet down a 
hole, or with setting the high voltage under operating conditions where the 
temperature in a hole is widely different from that at the surface, are greatly 
simplified. ^ 

(f) Selection of Components 

Figures quoted above for the rate meter sensitivity, etc., are merely typical 
values. As may be expected, they vary considerably from unit to unit when 
commercial components with normal tolerances are used. Also variations in 
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characteristics of the individual electronic tubes have marked effects. The 
most important of these are discussed below: 

(i) The use of a 135 v. “B" supply instead of the usual 67.5 v. (1) makes 
the selection of tubes for the high voltage circuit somewhat less critical than 
would otherwise be the case. However, the statements made in the above 
reference regarding the suitability of tubes for high voltage circuits still apply 
to a large extent. 

(ii) It has been found that some 1R5 (V6) tubes used in the trigger circuit 
are not completely cut off by the 22.5 v. bias. In such cases a current of 
some 20 to 25 fia. flows through the tube. This does not seriously affect the 
operation of the trigger circuit. However, it docs permit a signal from the 
neon circuit to be continuously passed. This causes a hum in the speaker 
and a spurious reading on the rate meter. If such tubes are excluded, varia- 
tions in sensitivity of the rate meter with different lR5’s arc slight. Some- 
what greater variations in sensitivity, up to ± 10% are found with different 
lS5’s (V5). 

(iii) The 1S4 in the power amplifier (V8) is sometimes not completely cut 
off by the 15 v. bias. This again gives rise to a spurious rate meter current, 
though in this case there is no associated speaker hum. Excessive bias on the 
other hand would cut down the sensitivity of the rate meter and the volume 
of the loudspeaker. In practice this spurious rate meter current seldom 
exceeds 0.05 ma. on the 1 ma. meter, but when such tubes are used the 
sensitivity of the rate meter may increase by as much as 20%. 

Probes 

The chief problem in constructing the probe is to make it waterproof under 
a 1000 ft. head of water. In the case of the glass walled G-M tubes, the tube 
is placed in a brass cylinder of 1| in. external diameter. It was found unsatis- 
factory to use gland type seals at the point where the cable entered the brass 
cylinder, since under the necessary pressure the cable was deformed by the 
compressive gland. Probes filled with ccresin wax or with oil were found 
satisfactory, but arc difficult to assemble under field conditions when replace- 
ment of the G-M tube becomes neccssarj'. 

All-metal, single ended G-M tubes coated with rubber promise to be more 
satisfactory. In making these probes a short length of cable is connected to 
the G-M tube. Rubber is then coated over the entire tube, connector, and a 
portion of the cable, to a diameter of 1 in. The end of the length of cable 
can be spliced to the main cable in the field without much difficulty. 

Reference 
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III. SHORTENINGS FROM RAPE AND MUSTARD SEED OILS 

Bv H. J. Lips,* N. H. Grace,* and Suzanne Jegard* 

Abstract 

Processed rape and mustard seed oils were hydrogenated at 50 lb. pressure and 
284® F., using a commercial nickel formate catalyst, and were deodorized for one 
hour at 464^F. The stability of the hardened oils compared favorably^ with 
that of a standard commercial vegetable shortening. Taste panel tests indicated 
that both the rape and mustard shortenings were as satisfactory as the commer- 
cial reference material for the preparation of pastry and doughnuts. Special 
study of the rape product showed that it could be plasticized, and it gave good 
results in ^king volume experiments. 


Introduction 

• In the nonselective hydrogenation of vegetable oils commonly employed in 
the manufacture of shortening, some (combined) stearic acid is formed by 
complete saturation of oleic acid, and some elaidic acid by geometrical trans- 
formation of oleic acid (2, p. 565). The comparable reactions in erucic acid 
oils would lead to the formation of behenic and brassidic acids from erucic 
acid. In view of the widely different melting points and structures of the 
possible fatty acid products, it might be expected that shortenings from erucic 
acid oils could differ markedly from those in ordinary use. Moreover, 
Canadian shortening manufacturers have suggested verbally that hardened 
erucic acid oils may be inferior in baking volume properties. On the other 
hand, Canadian rape and mustard seed oils were shown to possess potential 
value as salad and cooking materials (6), and hardened rape sc'ecl oil 
was eaten during the war in Germany (4), so it might l>e expected that 
shortenings from rape and mustard seed oils would be acceptable food pro- 
ducts. Estimation of possible consumer reaction to shortenings prepared 
from these oils by a standard method was therefore undertaken, with special 
consideration to the effect of rape shortening (the more important product) 
upon baking volume. 

Materials and Methods 

The processing cf the crude rape and mustard seed oils used in this work 
has been described (3, 6). In brief, they were refined with 10® B6. alkali and 
bleached under nitrogen with 2% Superfiltrol for 20 min. at 21-2® F. 

The oils were then hydrogenated in a pilot-scale, stainless steel hydro- 
genator of 10 lb. capacity, at 50 lb. pressure and 284® F., with purging at 15 
min. intervals. The catalyst was commercial nickel formate (25% nickel) at 

> Manuscript received October 4, 1948, 
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1% concentration. The course of hardening was followed by withdrawing 
samples and determining the refractive index. When the desired hardness 
was reached, the material was removed from the hydrogenator, 1% diato- 
maceous earth was added, and the mixture was filtered in a porcelain BUchner 
funnel. The shortening was then steam deodorized under vacuum in an all- 
glass apparatus for one hour at 464^ F. Each test shortening was a composite 
of two or three individual preparations. A standard commercial vegetable 
shortening of high quality was used as reference material in all tests, and 
comparisons were made both with fresh shortenings and shortenings aged for 
10 days at 100® F. 

Color, fluorescence, kinematic viscosity, peroxide oxygen, free fatty acid, 
and smoke point were measured at different stages of use of these materials, 
as previously described (3, 6). Iodine value was determined by a modification 
of Wij’s method (5) and melting point by the capillary tube method (1). 

Pastry and doughnuts were prepared with the shortenings according to the 
reci|x?s given in Table I. Pastry was baked 10 min. at 435® F. and served at 

TABLE I 


Recipes for doughnuts and pastry, given in grams 


Constituent 

Doughnuts 

Pastry 

Egfr* 

96 

_ 

Flour 

500 

112 

Su^ar 

200 

— 

Shortening 

25 

66 

Milk 

224 

— 

Water 

— 

30 

Baking powder 

15 

— 

Cinnamon 

i 

— 

Nutmeg 

i 

— 

Salt 

4 

2 


room temperature; doughnuts were fried in the shortenings at 355® to 365® F. 
for three minutes and served warm. Pastry and doughnuts were scored for 
taste and odor by a 24-mcmber panel as previously described (6) ; excess or 
deficiency of the property was rated on an integral scale of + 5 to — 5. 

After some preliminary trials, the following biscuit volume method (Method 
A) was developed to determine the effect of shortenings on baking volume: 
100 gm. of flour, 3 . 5 gm. of baking powder, and 1 . 3 gm. of salt were mixed for 
one minute in a jacketed dough mixer held at 100® F. Fat (17 gm.) warmed 
to a temperature of 140® F. was added to the dry mixture and the mixing 
process continued for another minute, then 50 ml. of water was added and 
mixed in for one minute more. The total mixing time was three minutes. 
A 100 gm. sample of this batter was weighed into a small baking tin and 
baked for 30 min. at 475® F. The volume of the baked biscuit was measured 
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by a rapeseed displacement method (7). In variations of this procedure, 
60 ml. of water was used instead of SO ml. (Method B ) ; and unmelted rather 
than melted fat was used (Method C). 

Results 

Shortening Measurements 

Tables II and III prcscmt physical and chemical measurements for the 
commercial, mustard, and rape shortenings. The commercial shortening had 
a lower iodine value and melting point (Table II) than the rape and mustard 


TABLE II 

Charactkristics of shortenings used for taste panel tests 


Shortening 

Melting point, ® C. 

Iodine value 

Commercial 

38.0 

57.9 

Mustard 

42.9 

67.6 

Rape 

45.4 

58 3 


shortenings of about the same hardness chosen for comparative test. The 
relative transmissions at 440 and 660 m/x of the rape and mustard products 
were similar, and slightly less than those of the commercial material (Table 
III). Indications were (Table HI, C) that the color was not sufficiently 
intense to interfere with the measurement of fluorescence. Fluorescence in 
ultraviolet light (375 m/x) increased in the order: rape, commercial, mustard; 
and viscosity in the order: commercial, mustard, rape. Peroxide and free 
fatty acid values were uniformly low. The commercial shortening had the 
highest smoke point, with rape shortening next, and mustard shortening 
lowest but still fairly satisfactory. 

These characteristics were altered in varying degree by aging the shorten- 
ings or by using them for the deep fat frying of doughnuts (Table III): trans- 
mission was not changed by aging but decreased markedly with frying; 
fluorescence increased with frying; viscosity was practically constant; 


TABLE III 

Chemical and physical measurements on shortenings 
AT various stages OF USE 


Shortening 


Condition of shortening 


Fresh 

Aged 

Fresh, fried 

Aged, fried 

Measurement 


A» Transmission, per cent at 440 mfi and 60^ C., relative to mineral oil 
(StanolaxJ 

Commercial 

68 

68 

48 

56 

Mustard 

58 

55 

38 

36 

Rape 

61 

61 

48 

35 
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TABLE lll--Conduded 

Chemical and physical mrasuremlnts on shortenings 

AT VARIOUS STAGES OF USE — Concluded 


Shortening 

Condition of shortening 

Fresh 

Aged 

Fresh, fried 

Aged, fried 


Measurement 


As tn A, at 660 mti 

Commercial 

98 

97 

95 

97 

Mustard 

92 

92 

96 

96 

Rape 

90 

91 

95 

94 


C, Transmission^ per cent at 440 mu of 1 gm, of shortening tn 100 ml. 


xylol, relative to xylol 



Commercial 

99 

100 

99 

100 

Mustard 

99 

99 

99 

99 

Rape 

1()0 

99 

99 

98 


D. Fluorescence, Coleman photofluorometer units, 1 gm, of oil tn 100 ml. 


xylol, corrected for fluorescence of xylol 


Commercial 

16 

n 

18 

18 

Mustard 

32 

33 

38 

38 

Rape 

12 

10 

19 

17 


E. Viscosity, centistokes at 130^ F 

Commercial 

27 2 

27 6 


Bn 

Mustard 

30 6 

30 4 



Rape 1 

33 3 

33 8 




F, Peroxide value, ml of 0 002 N thiosulphate per gm. 

Commercial 

0 0 

0 0 

2 8 

4 9 

Mustard 

0 0 

0 0 

4 3 

3 9 

Rape 

0 0 

0 0 

3 8 

3 7 


C, Free fatty acid content, as % oleic ai id 

Commercial 

____ 


0 1 

0 1 

Mustard 

— 

— 



Rape 

— 

— 

0 2 

0 2 


H. Smoke point, ® F. 

Commercial 

430 

427 

398 

399 

Mustard 

387 

385 

385 

372 

Rape 

414 

410 

388 

382 
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peroxides were detectable only in the fried shortenings! smoke points were 
lowered slightly by aging, and to a greater extent by frying. 

Taste Panel Tests 

Taste panel ratings for all pastry and doughnut products (Table IV) 
showed no difference between doughnuts prepared from any of the types of 
shortening tested but, on the average, odor and flavor of pastry made with 
the experimental fats were rated as slightly preferable to those of pastry made 
with similar amounts of the commercial shortening. 

TABLE I\’ 

Avfragi? PANFL SCORrS roR odor and flavor of fastr\ and doughnuts • 


Shortenings 

Pastr> 

Doughnuts 

Odor 

Flavor 

Odor 

Flavor 

Fresh: 

Commercial 

Mustard 

Rape 

4- 0 .S 
-h 0 1 
+ 02 

+ 04 
+ 0 1 
+ 02 

+ 0 1 
+ 02 
+ 0 1 

+ 0 1 

4- 0 1 
+ 02 

Aged: 

Commercial 

Mustard 

Rape 

+ 0 .5 

+ 0 1 

+ 0 1 

+ 0 7 
+ 02 
+ 0 2 

+ + + 
ooo 

+ 02 
+ 02 
+ 02 

Necessary difference (5% 
level of statistical signi- 
ficance) 

±04 

±04 

± 0 .? 

±04 


Baking Volume 

DiflFercnt samples of hydrogenated rapeseed oil, with iodine values from 
40 to 100, showed no significant volume difference by baking methods A or B 
in two series of hydrogenated oils (Table V). The additional water added in 
Method B caused a general increase in baking volume that was significant for 
most of the shortenings tested. Howewr, when unmelted fat was used 
(Method C), the rapeseed biscuits were significantly smaller than the reference 
biscuits if the hydrogenated oil had an iodine number less than al)out 85. 
Biscuits made from the commercial product had the same baking volume 
regardless of the state of the fat. These results indicated that when the 
unmelted rapeseed shortening was used some physical factor interfered with 
fat distribution in the mixture and resulted in an inferior baking volume. 

The hydrogenated rapeseed oil was then plasticized to make its consistency 
approximate more closely that of the standard commercial shortening. The 
steps in the plasticizing process were: {a) preliminary heating of the fat to 
212® F., (6) beating of the melted fat in a Mixmaster with rapid cooling at 
—40® F. until the mass solidified, and (c) tempering the plasticized product 
at 80® t . for three days. Two samples of plasticized fat were prepared from 
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TABLE V 

Comparative Bisci^ir volumes for hydrogenated rapeseed oils 

AND A COMMERCIAL VEGETABLE SHORTENING 
(Averages of three determinations) 


Description of samples 


Biscuit volume, ml. 



■m 

Method A 

Method B 

Method C 

Shortening 

Iodine No. 


(50 ml. 

(60 ml. 

(un- 


nnn 

water) 

water) 

melted fat) 

Standard (commercial vegetable 

57.9 

38 0* 

195 

210 

195 

shortening) 



Hardened rapeseed oils, samples 






taken at intervals during hy- 
drogenation : 






Hydrogenation series I 

10.3.2 

<15 0 

204 

208 

— 

90.0 

18 0 

199 

212 

— 


65.9 

42 0 

200 

214 

— 


49 2 

49.8 

196 

— 

— 


44.5 

52 0 

199 

210 

— 

Hydrogenation series 11 

100.5 

<15.0 

198 

— 

194 

87.8 

23 3 

202 

— . 

186 


63 8 

42 8 

197 

— 

183 


55 0 

47.6 

197 



184 

Necessarj difference (5% level of statistical significance) 

10 


a raj^seed shortening of melting point 46® C., which was higher than the 
melting point of the commercial shortening (38® C.). The plasticized products 
were found to have good mixing properties in the solid form. Biscuits were 
baked with the fat in an unmelted state. The resulting volumes were: 

Unplasticized — 184 ml. 

Plasticized sample No. 1 — 191 ml. 

Plasticized sample No. 2 — 196 ml. (a significantly higher figure than for 

the same material unplasticized) 

Commercial — 195 ml. 

These figures showed that the hydrogenated rai)eseed oil could be plasticized 
to give as good a biscuit volume as the standard commercial vegetable 
shortening. 

Conclusions 

Hardened erucic acid oils prepared by a standard method did not differ 
markedly from ordinary shortening in the properties studied, in spite of 
inherent compositional differences. No special hardening techniques were 
necessary to prepare shortenings acceptable as food products from processed 


















34 


CANADIAN JOURNAL OP RESEARCH. VOL. 27, SBC. P. 


Canadian rape and mustard seed oils. These shortenings were stable materials 
of fair color and smoke point, and were amenable to plasticization and use 
in baking. 
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LABORATORY STUDY OF LOW RATIO BUTADIENE-STYRENE 

COPOLYMERS' 

By J. M. Mitchell® and H. Leverne Williams* 


Abstract 

The copolymerization of styrene and butadiene in ratios in which the styrene 
equals or pr^ominates over the butadiene on a mass basis is essentially similar 
to copolymerization in the presence of a predominance of butadiene. However, 
the rate of reaction and the length of the induction period is increased. Increasing 
the amount of the dodecyl mercaptan regulator results in a slight increase in 
rate and diminution of the induction period. The dodecyl mercaptan reacts at a 
lower rate than during the production of GR-S. The regulating index as defined 
by the ratio of the logarithm of the residual mercaptan over the conversion is 
1 . S3. The bound styrene and increment styrene curves seem to l>e normal and 
indicate reactivity ratios r\ (butadiene) equal to 1 . 4 to 2 . 2, ft equal to 0 . 5 to 0 . 7. 
If these reactivity ratios arc corrected for the bifunctional nature of butadiene 
then the constants for butadiene monomer are Q equal to 0 9 and e ecmal to —1. 
Likewise the gel-viscosity data are similar to those observed with Gk-S except 
that the pre-gel rise in viscosity, the formation of gel, and the slope of tne 
viscosity conversion curves diminish with increasing styrene in the charjg;e. 
The chain transfer action of styrene is increasingly evident with increasing 
styrene content in the charge but in all cases the regulating effect of dodecyl mer- 
captan is still apparent. 


Introduction 

Butadiene and styrene may be copolymerized in all proportions and the 
resulting copolymers vary in their characteristics between the properties of 
pure polybutadiene and pure polystyrene but not necessarily like a mechanical 
mixture of the two pure polymers in the same proportions. An earlier investi- 
gation (20, 21) described the cflfect of the change of butadiene-to-styrene ratio 
from 90/10 to 50/50 on the physical properties of rubber vulcanizates. 
Preliminary to a similar study in the lower butadiene to styrene ratios, it was 
essential to obtain certain small scale laboratory data similar to those described 
in numerous publications for chemical rubber. Only scattered data of this 
type arc available. Meehan (23) has studied the composition of copolymers 
over both ranges. Fragmentary data are in the various papers on the use of 
the copolymers (1, 5, 6, 7, 9, 11, 15, 19, 26, 27, 31, 32) as fillers, reinforcers, 
resins, or rubbers. 

Techniques 

All reactions were conducted in 8-oz. screw cap bottles fitted with a gasket 
(12) for syringe sampling (14). The soap solutions, styrene, and regulator 
and, for the 15/85 ratio copolymers, the initiator were weighed into the bottle 
and a slight excess of butadiene added. The excess butadiene was allowed 
to vaporize to drive out the air in the bottle, which was capped when it had 
reached the correct weight. The bottles were then placed in the constant 

* Manuscript received September J, 1948. 

Contribution from the Physical Chemistry Research Laboratory, Research and Development 
Division, Polymer Corporation Limited, Sarnia, Ont. 

* Junior Chemist. 

* Research Chemist. 
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temperature bath and rotated end over end for 30 min/ until they had reached 
the desired temperature. At that time, usually, the initiator solution was 
injected by syringe and needle and the agitation resumed. The initiator 
was added before capping the 15/85 charges since these soon developed, inside, 
a low pressure which tended to suck water through the punctured self-sealing 
gasket. Nitrogen pressure was used to facilitate sampling at the end of the 
reaction. After the appropriate time a sample was removed by syringe and 
needle and a known weight of latex dried to determine the conversioft of 
hydrocarbon to resin. Just before the reaction was stopped, a 10 ml. syringe 
sample of the latex was obtained, on which a duplicate determination of 
unreacted mercaptan was done by amperomctric titration (16) with 0.005 N 
silver nitrate. 

When the reaction was to be terminated, the solution of hydroquinone was 
injected into the bottle, which was then shaken vigorously and allowed to 
cool. After the reaction was stopped, the final conversion of hydrocarbon to 
resin was determined on each sample using the un vented solids technique. 
Excess butadiene was vente<l by insertion of a needle through the gasket and 
finally excess monomers were removed by steam distillation. 

Recovery of the polymer was effected by coagulating one-half of the latex 
with sodium chloride - sulphuric acid mixture, washing the coagulum, and 
drying. If the polymer were to be preserved then sufficient BJ.K dispersion 
was added before coagulation to give 1.5% BLE based upon the dr>' resin. 

Dilute solution viscosities were measured as reported earlier (8), i.e., by 
the four-point method using a modified Ubbclohde pipette and benzene as 
solvent. Corrections for nonrubber soKds in the dry polymer are shown in 
Table I and are applicable to all polymers prepared in the recipe shown in 

l ABLE I 

Per cent resin in dry frodlci at various conversions 


Conversion, 

Vo 

Total solidb based 
on 100 parts 
monomer charge, 
o/ 

/V 

Kcsin in dry product 
corrected for 1.5 

parts BLK. 

( 

/( 

0 

6 11 

0 

1 

7 11 

13.9 

2 

8 11 

24.3 

3 

9 11 

32.4 

5 

11.11 

44.4 

10 

16.11 

61.2 

15 

21 11 

70 0 

20 

26.11 

75.5 

30 

.16.11 

1 81.9 

40 

46.11 

85.5 

50 

.S6 11 

87.8 

60 

66.11 

89.5 

80 

86.11 

91.5 

lot) 

106. 11 

92 9 
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Table III regardless of the charge ratio. The amount of gel (benzene insol- 
uble) was the difference between the mass of polymer placed in benzene and 
the amount that dissolved. The swelling index was the ratio of the weight 
of swollen gel and imbibed solvent to the weight of dry gel. 

The remaining unstabilized latex was coagulated with isopropanol and 
given three successive, five minute washes in fresh alcohol to remove all 
alcohol soluble materials. The polymer was dried at 100^ C. in a vacuum 
oven for three hours, sheeted on a tight mill, and its refractive index measured 
at 60® C., using an Abb6 refractometcr through which water at 60® C. was 
circulated. The bound styrene of those polymers prepared with 70 to 85 
parts of styrene in the charge was read from a graph relating it to the refractive 
index at 60® C. A straight line relation between GR-S chemical rubber and 
polystyrene was assumed; and a check on the values was obtained by using 
a soft polymer and the familiar refractive index technique at 25® C. involving 
the equation 

Bound styrene = 22.94 + 1180 («“ - 1.5339) - 2340 (»»“ - 1.5339)*. 

The cross check data arc shown in Table II and indicate that the answers 
agree very well. The results measured at 60® C. may be 1 to 2% higher 
than those measured at 25® C. The bound styrene of the 50/50 ratio copoly- 
mers was measured at 25® C. 


FABLE II 

Crosschfck data on ri fractivl indicj s 


Sample 

No. 

«D 

St\renc in resin, 

f 

0 

Wl> 

Styrene in resin, 

% 

1 

1 5527 

58 0 

1 5650 

57 4 

2 

1 5531 

58 4 

1 5654 

57 7 


1 SS59 

61 9 

1 5690 

61 4 

4 

1 SS86 

64 6 

1 5712 

61 7 

S 

1 

1 5616 

68 4 j 

1 

1 5743 

66 8 


Experimental 

The basic charge formula resembled those in general use and is shown in 
Table III. It was very similar to that used in the preparation of Rubber 
Reserve polymer X-323. At 50® C. as used for GR-S chemical rubber the 
reaction was tqo rapid, esi)ecially when the 20/80 and 10/90 butadiene- 
styrene ratios were used. To obtain adequate results the samples were pre- 
pared at 45® C. A preliminary survey of the field yielded the data in Table IV. 
In all cases 0.15 part of dodec>l mercaptan was used, based upon the 
monomers. 

These data indicated that no serious difficulty was to be expected and it was 
decided to investigate three monomer ratios in greater detail. The effect 
of charge ratio of butadiene to styrene and amount of dodecyl mercaptan 
charged upon rate is shown in Fig. 1. It is evident that as the amount of 
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TABLE III 

Formula for polymerization system 


Butadiene (commercial pure) 

Variable 

^Total 50 gm. 

Styrene (commercial pure) 

Vjiriable 

Dodccyl meroaptan 

Variable 


S.F. soap flakes, gm. 

2 25 


Daxad \\* gm. 

0 50 

(6 ml. of 2 50% sol'n.) 

Potassium persulphate, gm. 

0.15 

Distilled water, gm. 

112 50 


Stopping agent 


(2 ml. of 4% soPn.) 

hydroquinone, gm. 

0 08 

Antioxidant 

BLE* % 

1 5 

Based upon dry resin 


Trade names, no simple chemical formula. 


TABLE IV 

Copolymerization of styrene and butadiene in various ratios 


Butadiene 
to styrene 
charge ratio, 
parts 

Reaction 
time, hr. 

Conv. 

% 

Gel, 

% 

Swelling 

index 

i/i 

so/so 

4i 

18 5 

1 


2.06 

« 

8 

55 5 

9 

36 

2.42 


12 

64 2 

65 

60 

2.44 

« 

16 

78 8 

74 

70 

1 05 

40/60 

4i 

21 5 

10 

52 

2 45 

« 

8 

58 5 

4 

26 

3.04 

tt 

12 

71 3 

71 

t 

82 

1 58 

tt 

16 

- 




30/70 

4 

21 6 

4 



1 25 

« 

8 

55 3 

6 



1 36 


m 

85 3 

73 

53 

2 28 

20/80 

2i 

9 1 





tt 

54 

38 6 







tt 

n 

58 5 







tt 

12 

1 89 5 






10/90 

2J 

6 9 






tt 

54 

34 0 



___ 


tt 

n 

73 7 





tt 

12 

93 5 

— 

— 

— 


butadiene in the charge is diminished there was an increase in the rate of con- 
version to resin. At 45“ C. the rate was about twice as great with 15/85 
ratio as with the 50/50. Also it can be seen, particularly in the case of the 
50/50^ ratio that the increasing amount of mercaptan resulted in a greater 
yield in a given time by shortening the initial induction period. It is evident, 
too, that increasing the styrene in the charge had lengthened the induction 
period slighUy. This could be due to either the increased difficulty of purging 
the bottles of air or to the increased inhibitor added with the styrene The 
conversion of monomers to GR-S at 50“ C. would be very similar to the lower 
broken curve of Fig. 1. 
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The rate of disappearance of dodecyl mercaptan was insensitive to charge 
ratio of butadiene to styrene and to the amount of mercaptan charged within 



Fig. 1. Time-conversion curves for various ratios of butadiene to styrene and with various 
amounts of dodecyl mercaptan at 45^ C. Broken lines represent average curve. Time-con^ 
version curve for GR-S at 50^ C. is almost identical with the lower broken curve. 

the limits studied, as shown in Fig. 2. The data when an average curve was 
estimated indicated slight or negligible consumption of mercaptan during the 
first few per cent conversion of hydrocarbon to resin when 70, and particularly 
85, parts of styrene were charged. A representative curve for GR— S is shown 
and can be seen to lie below all the experimental data of this series. 



Fig. 2. Residual mercaptan for various charge ratios of butadiene to styrene and all amounts 
of dodecyl mercaptan charged as a function of conversion at •/i® C. Lower curve is a typical 
result for GR-S at 50® C, 
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If the data were plotted in the form In (% residual mercaptan) versus per 
cent conversion the initial slope of the straight line portion became by defini* 
tion the regulating index. For all three charge ratios and all mercaptan 
charges this was found to be 1.53. Since the straight line portion extra- 
polates to 100% or higher there is no waste factor. The comparable figures 
for GR-S were 2.39 and 19% respectively from the curve of Fig. 2. 



Fig. 3. Bound styrene (broken lines) and increment styrene (solid lines) for various charge 
ratios of butadiene to styrene as a function of conversion at 45** C. 


The bound styrene, Fig, 3, followed the same general form (20, 21, 23) as 
those published previously. The djita for the 30/70 butadiene-to-styrene 
ratio indicated a leveling off of the increment styrene at higher conversions. 
This was accentuated and the increment styrene curve reversed for the 15/85 
ratio. The e.xplanation might be that the refractometric method of measuring 
the bound styrene at 60® C. was, indeed, indicating values about 2% high. 
A more precise measure of Ixiund styrene over this range would be necessary 
to clarify the cause. 

From the general copolymerization equation (2, 3, 22, 28) 

d\M,] ^ [M,] + [M2] 

d[M2] [M 2 ] i^2[M2] 4“ l-Mi] 

and assuming an ideal case, i.e., 


^ [Ml] 

d[M2] “ " [M 2 


aR, 


the values of R and a have been calculated for the three ratios from the 
bound styrene data obtained by extrapolating to zero conversion. The data 
are in Table V. 
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TABLE V 

Reactivity ratio calculations 


Butadiene- 

to-styrene 

charge 

ratio 

Styrene 
at 0 conv., 

% 

jijtfii 
Butadiene 
at 0 conv., 

% 

dlJl/j) 

R 

a 


34.8 

65.2 

mlM 

1 00 

■H 


57.8 

42 2 




15/85 

75.6 

24.4 


mm 

■B 


Losing the values of R and a the values of r\ and r 2 were calculated from the 
equation / jv 

ri = :^ r* + (a - , 


and plotted as in Fig. 4. From the dimensions of the resultant triangle the 
value of ri, the ratio of the reactivity of butadiene radical with butadiene over 
its reactivity with styrene, ranged from 1.4 to 2.2, whereas r* , the ratio of 
the reactivity of the styrene radical with styrene over the reactivity with 
butadiene, lay between 0.5 and 0.7. 



FicJ. 4. Plot of ri versus rj to obtain the range of the probable values of the reactivity ratios. 

These reactivity ‘ratios were calculated on a molar basis without regard 
for the two double bonds present in butadiene. Assuming that each of these 
double bonds possessed the same reactivity, the reactivity ratios may be 
corrected for the two double bonds, that is, converted to a “double bond’* 
rather than molar basis. When this is done the characteristic constants Q 
and e (4) may be calculated (4, 10). These were 0.9 and —1 for butadiene. 
Q may be considered the mean reactivity of the butadiene double bond and 
e may be considered proportional to the charge on the butadiene radical and 
group relative to Q and e for styrene of 1 and — 1 respectively. 
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The gel and viscosity data for the 50/50 ratio copolymers are shown in 
Fig. 5. It was apparent that, as polymerization proceeded, the dilute solution 
viscosity of the polymer rose slowly. Then at fairly high conversions cross 



Fig. 5- Dilute solution viscosity (solid line) and gel (broken line) data for 50/50 butadiene 
to styrene copolymers with vanom amounts of dodecyl mercaptan in the charge as a function 
of conversion at 45^ C, Curve ( — ) is a typical one for GR-S at 50^ C. 



Fig. 6. Dilute solution viscosity and gel (0 . 15 farts DDM only) data for 30/70 butadiene- 
Uhstyrene copolymers With varums amounts of dodecyl mercaptan in the charge as a function 
of conversion at 45^ C. 

linking and branching started, at which time the viscosity rose rapidly, then 
fell sharply when gel formed and was removed, leaving only low molecular 
weight material. It is evident also that, as the amount of dodecyl mercaptan 
regulator added was increased, the viscosity, i.e., molecular weight, of the 
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copolymer was diminished and the rise in the viscosity with conversion was 
less marked and more delayed. These same observations were noted with 
the 30/70 ratio copolymers, Fig. 6. In this case the polymers prepared using 
0.60 part of dodccyl mercaptan seemed to be out of line. However, no 
irregularity was noted with the 1S/8S ratio. Fig. 7. In this the viscosity of the 



Fig. 7. Dilute solution viscosity data for 15/85 butadiene-to-styrene copolymers with 
various amounts of dodecyl mercaptan in the charge as a function of conversion at 45^ C. 


polymer remained remarkably constant up to quite high conversions before 
there was the increase in viscosity with conversion. Comparison of Figs. S, 
6, and 7 will show that under comparable conditions the increase in styrene 
in the charge resulted in a lower viscosity polymer by increased chain transfer 
due to the styrene, and the formation of higher molecular weJfeht material 
including gel is delayed. Additional data over a narrow range of concen- 
trations and pertaining to the 30/70 ratio in the proximity of the normal 
commercial conversion range are in Table VI. The reaction time was 10.5 hr. 
at 45® C. 

TABLE VI 

Mercaptan-viscosity relation 


Resin 

Conversion, 

% 

Gel, 

% 

It] 

■ — r 

Parts dodecyl 
mercaptan 

1 


4 

1.30 

0.45 

2 


1 

1.43 

0.35 

3 


3 

1.47 

0.30 

4 

78.0 

1 

1.98 

0.25 

5 

77.0 

6 

2.83 

• 

0.15 
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The effect of the butadiene-to-styrene ratio in the charge is likewise amply 
demonstrated by the data in Table VII, which shows a comparison of three 
copolymers of general commercial use. With increasing styrene in the charge 
the rate of the reaction was increased and the amount of dodecyl mercaptan 
required for approximately the same dilute solution viscosity and solubility 
was reduced. 

TABLE VII 

Dodecyl mercaptan requirements for copoLYMrRs of comparable viscosiiy 


Butadiene to st>rene ratio 



70/30 

50/50 

30/70 

Parts dodecyl mercaptan 

0 425 

0 320 

0 214 

Reaction time, hr. 

13 


5i 

Solids, % 

27 4 

23 8 

23 0 

Conversion, % 

74 3 

74 0 

70 3 

Soluble in benzene, 

96 

95 

89 

Cel. % 

4 

5 

11 

\t] 

1 92 

2 16 

2 20 


Although in all cases the corrected dilute solution viscosity was measured 
using dry polymer, it was of interest to try the modified vistex viscosity tech- 
nique whereby latex is dissolved in mixed solvents, benzene/isopropanol 80/20, 
and diluted by successive portions of benzene in the usual manner. Plotting 
the data allows extrapolation to zero nonsolvent (20, 25). The data in 
Table VIII indicated that while the preliminary agreement was not perfect 
the method has sufficient promist' to warrant regular usage. The visti^x tech- 


TABLE VTII 

Intrinsic flow time by visirx and dilute solltion TrcuMQurs 

IN BINZFNF 


Sample No. 

Id, vistc\ 

Id, dilute solution 

SM-31-2 

0 85 

0 85 

3 

0 84 

0 78 

4 

0 75 

0 74 

5 

0 78 

0 72 

6 

0 81 

0 74 

SM-33-3 

1 85 

1 44 

4 

1 22 

1 33 

5 

1 32 

1 31 

6 

1 55 

1 69 

SM-34-2 

2 22 

2 28 

3 

2 38 

2 39 

4 

2 22 

2 34 

5 

2 36 

2 46 

6 

3 20 

3 42 

Si\I-30-3 

3 01 

3.24 

4 

3 25 

3.50 
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nique seemed to yield high results for low viscosity polymers and low results 
for high viscosity polymers relative to the usual dilute solution technique. 

Discussion 

The system, generally, behaves very similarly to that used for the production 
of GR— S chemical rubber. The only change in the recipe is the addition 
of a stabilizing agent, Daxad 11, since during the polymerization the latex 
particles tend to adhere together or agglomerate, forming prefloc or pre- 
coagulum. In this respect the latex has been observed to be quite unstable 
without this precaution. The rate of the reaction is greater, as can be noted 
by comparison of the data in Table VII, or Fig. 1, or with similar data obtained 
at 50® C. (17). 

The effect of mercaptan of increasing the rate is well known in the prepara- 
tion of GR— S (25). Comparison of the regulating index reveals that this 
is lower for dodecyl mercaptan in the higher styrene ratios than it is forGR-S 
type copolymers (18, 24). There does not appear to be a waste factor, indeed 
just the opposite. It is suggested that the increased rate of reaction makes the 
rate of diffusion of the mercaptan play an increasingly important role until 
the so-called phase inversion takes place at about 60% conversion. At such 
a time diffusion no longer is taking place, and particularly with the higher 
dodecyl mercaptan charges there is an increases! rate of disappearance and, 
in the case of the 30/70 ratio copolymer, a decrease in the viscosity of the 
polymer found. 

The viscosity, unlike that for GR-S (29, 30), does not tend to risc‘ as rapidly, 
there is less tendency’ for the pre-gel sharp rise, and when using higher styrene 
charges and dodecyl mercaptan charges there is indeed no indication of either 
a rising viscosity or of gel formation up to over 90% conversion. This must 
be associated with the lower unsaturation of the resin. 

The bound styrene data and the values derived from it arc more uniform 
and suggest a system more nearly ideal than that found by Meehan (23). 
Perhaps the large number of experimental points explains this. In general 
the data agree well. All suggest that measurements of bound sty rene at 
60® C. are about 2% absolute high, and allowing for this error the increment 
styrene curves would be normal. The values for the reactivity ratios are 
slightly higher than those reported by Meehan (23). No correction was 
made for bound ^mercaptan but available data suggest that only’ a small 
correction need be made for this. 

The calculations of the reactivity ratio in the normal manner yield results 
that neglect the bifunctional character of butadiene. The correction for this, 
that is, of assuming each double bond equally reactive, would seem logical 
at least as a first approximation. The derived values of Q and e agree with 
experience. The vinyl substituent group is considered to activate the vinyl 
group as much as, if not more than, does the phenyl group; that is, butadiene 
double bonds are as reactive as styrene double bonds. On the other hand, the 
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free radical formed of a butadiene end group is about as active as a styrene 
one; the growth of a copolymer chain seems to be entirely random. 
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A DYNAMOMETER FOR DETERMINING DEPTH 
OF FREEZING IN FOODS^ 

By H. Tessikr® 

Abstract 

A dynamometer, designed to determine depth of freezing in frozen foods, such 
as meat, poultry, and eggs, measures the force required to drive a pointed rod 
through a sample of the product. 

Introduction 

The depth of the frozen portion of some food products is frequently a matter 
of controversy that is often settled by breaking open some units of the frozen 
food with an ax, thus destroying those units. Often, the depth of freezing is 
determined by driving a nail into the product. Lack of resistance to the nail 
indicates an unfrozen portion. This paper describes a dynamometer that 
will give a semiquantitative estimate of the depth of freezing in foods. 

Description 

The dynamometer (Fig. 1) consists of a brass cylinder {A) at the lower 
end of which a chuck (B) holds a removable ix)inted nxl (C). The upper 
part of the cylinder is threa<led to receive a screw cap (D) which clamps down 
the ringhead (K) of a bellows (F) against a rubber seal (G). A steel rod (H) 
screwed into the lower part of the bellow's (/) guides a metal ram (7), The 
ram weighs 1 lb. and slides freely over the guide. When this ram is brought 
down with muscular force against an anvil (A), the oil that fills the space 
between the bellows and the cylinder permits the pressure exerted by the 
blow to be indicated on a pressure gauge (L) connected to the cylinder through 
a bushing {M), To prevent damage to the bellows, a stop (iV), soldered to a 
screw cap (D) limits the upward movement of the bellows when the ram is 
pulled up against a nut (0) or when the point is pulled out of the sample. 
For convenience when the instrument is not in use, the guide rod can be 
unscrewed from the anvil and the pointed rod can also be removed from the 
chuck. 

Procedure 

The pointed rod is held against the frozen sample, the ram is gripped firmly 
with one hand and brought down with force against the anvil until the point 
penetrates the sample. The pressure at each stroke is noted on the gauge. 
In a completely frozen sample the pressure required to drive the point into 
the center of the sample is approximately the same for every stroke, but the 

^ Manuscript received November J, 1948, 
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pressure rcQuired und the depth of penetration at each stroke varies with the 
temperature and the type of goods. In a partly frozen sample a drop in 
pressure is noted when the point penetrates into the unfrozen portion. For 



Fig. 1. Dynamometer for frozen foods. 


example, poultry at 30® F. offers no resistance to the dynamometer, poultry 
at 20® F. offers about a SO lb. resistance, and at 0® F. about 160 lb. resistance. 

Preliminary trials have indicated that this instrument can be used for 
inspection work on frozen poultry as a rapid method of detecting unfrozen 
spots in the center of a carcass. It should be equally useful for determining 
depth of freezing in other types of frozen flesh, in frozen egg, in fruits frozen 
in syrup, and in other frozen products. 
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SOME ELECTROMECHANICAL METHODS FOR PRODUCING LOW 
FREQUENCIES FROM A PRIMARY FREQUENCY STANDARD^ 

By D. W. R. McKinley® 

Abstract 

Minor mechanical modifications to the clock motor of a quartz crystal primary 
standard of frequency simplify the problem of producing accurate lo^ 
frequencies. Electromechanical gate circuits are used to provide pulses of high 
stability at repetition rates of 1, 10, 100, and 1000 pulses per second for strobo- 
scopic and other applications. 

Introduction 

The primary standard of frequency at the National Research Laboratories, 
Ottawa, consists of four temperature-controlled precision quartz crystals and 
their auxiliary equipment (type ("-21-HLD and ty|K' 1105-A, (General Radio 
Oompany). These crystals are checked daily with the official time signals of 
the Dominion ObstTvatory and with the U.S. Bureau of Standards trans- 
missions. The rates of the crystals are such that a short-term accuracy of 
1 part in 10* can be guaranteed. I'he crystal frequency' of 50 kc. p.s. is 
divided by the conventional chain of multivibrators to 10 kc. p.s., 1 kc. p.s., 
100 c.p.s., and 10 c.p.s. At the 1 kc.p.s. stage power is furnished to a 1 kc. p.s. 
phonic motor which rotates at 10 r.p.s. and is geared to drive the hands of a 
standard clock. There is also a 1 r.p.s. shaft which opt*ns a contactor for 
about 0.05 st'c. each st'cond. This contactor is mounted on a drum, called a 
microdial, which can be rotated about the shaft to adjust the oi)ening of the 
contactor to any desired instant in the one-second intervals. 

Apart from the standard frequency facilities provided in the sjxrtrum above 
50 kc. p.s., which will not be discussed here, the various laboratories require 
some specific low^ frequencies for accurate timing applications. The most 
popular frequency is 60 c.p.s., which unfortunately is incommensurable with 
the 50 kc. p.s. standard or any of its subharmonics. This 60 c.p.s. frequency 
was originally obtained by feeding the output of the 10 c.p.s. multivibrator* 
into a double-tripler circuit and filtering the 60 c.p.s. output. 'I'he frequency' 
was as accurate as the primary standard when integrated over long periods 
of time, and was quite satisfactory' for clock operation. However, there was 
a very pronounced jitter of the wave form, due mainly to 10 c.p.s. modulation 
of the 60 c.p.s. wave, which was never entirely removed even by* several 
sections of filters. This jitter rendered the wave form useless for stroboscopic 
light devices. Another approach to the problem was more successful. The 
1 kc. p.s. output was first tripled to 3 kc. p.s. and then divided by two multi- 
vibrator stages to 300 c.p.s. and 60 c.p.s., respectively. The resultant wave. 

^ Manuscript received October P, 1948. 

Contribution from the Radio and Electrical Engineering Division, National Research 
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form was free from subfrequency modulation, and operated stroboscopes more 
satisfactorily. There was still a noticeable jitter presqnt which was due to 
the inherent locking instability of multivibrators. Each multivibrator in the 
chain tends to wander a few electrical degrees about a mean locking position. 
This type of instability can be minimized by good design but can never be 
eliminated entirely. 

At about this time in the development of the standard frequency services 
the stroboscope requirements were changed. Instead of 60 c.p.s. it was 
desired to use short impulses with repetition rates of 1, 10, 100, and 1,000 
pulses per second. Although simplifying the situation in one sense this new 
requirement was not immediately attainable owing to the instabilities of the 
existing chain of multivibrators. Various other techniques were tried to 
improve the stability, such as the use of blocking oscillators or regenerative 
dividers, but none has given as good results with a minimum of equipment as 
the electromechanical gating s^’stem to be described. 


Fig. 1. SchemeUie diagram. 


Resistances, tn 

Capacitances, in 

thousands of ohms 

microfarads 


R1 - 15 

Cl - 8 

electrolytic 

R2 - 15 

C2 - 0 2 

paper 

R3 - 15 

C3 - 25 

electrolytic 

R4 - 0 3 

C4 - 8 

electrolytic 

R5 - 10 

C5 - 1 

paper 

R6 - 0 2 

C6 - 0.01 

paper 

R7 - 75 

C7 - 25 

electrolytic 

R8 - 25 

C8 - 0 1 

paper 

R9 - 5 

C9 - 8 

electrolytic 

RIO - 500 

CIO - 0 01 

paper 

Rll - 75 

Cll - 0 01 

paper 

R12 - 25 

C12 - 25 

electrolytic 

R13 - 50 

C13 -0.1 

paper 

R14 - 10 

C14 - 0.01 

paper 

R15 - 50 

C15 - 0 001 

mica 

R16 - 500 

C16 - 0 001 

mica 

R17 0 2 

C17 - 0.01 

paper 

R18 - 75 

CJ8 - 0 0005 mica 

R19 - 25 

C19 - 25 

electrolytic 


C20 -0.1 

paper 

Potentiometers, in 
thousands of ohms 

PI - 50 

P2 - 10 

P3 - 25 

C21 - 0 01 

paper 


Transformers and Inductances 

T1 - Audio interstage, modified as in text 
T2 - Audio, 500 ohms to grid 
T3 - Audio interstage 
LI - Choke, 30 h, 

LZ - 500 ohm winding on permanent magnet 
L3 - See IZ 


Valves 

VI - 6F6, or 6AQ5 
V2 - 6AK5 
V3 - 1N34 
V4 - 6AS6 
V5 - 6AL5 
V6 - 1N34 
V7 - 6AK5 
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Production of Standard 60 c.p.s. for Clocks 

A six-sector disk of 17 gauge Mu metal, 3 in. outside diameter, was mounted 
on the 10 r.p.s. shaft of the 1 kc. p.s. phonic clock motor. A slot was cut 
through the laminations of a small high-impedance audio transformer and 
the transformer mounted so that the sector disk rotated freely through the 
slot. A few milliamperes of magnetizing current was drawn through one 
winding of the transformer from the 200 v. d-c. supply for the clock amplifier 
(See Fig. 1). As the sectors pass through the slot, the flux variations induce 
a 60 c.p.s. voltage of a trapezoidal wave form in the other winding of the 
transformer. The wave form is smoothed by a single-section tuned filter, 
LI, C2 of Fig. 1, and amplified by VI. This 60 c.p.s. sine wave voltage is 
made available throughout the laboratories. Individual 200-w. amplifiers are 
installed locally to avoid difficulties with voltage regulation inherent in a 
common power amplifier. The 60 c.p.s. wave form is satisfactory for clocks 
and synchronous motors. The simple sector-disk device has eliminated the 



Fig. 1. 
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10 or 12 vacuum tubes and circuits used in cither of the electronic methods 
described above. The reliability has also improved considerably, because 
most of the usual faults or failures will affect the amplitude only and not the 
frequency. This was not always true of the multibrators and other electronic 
dividers which could sometimes lock on the wrong submultiple after a power- 
line failure, or run uncontrolled if a circuit failure occurred at an intermediate 
stage in the chain. 

It is true that the phase of the 60 c.p.s. will wander slightly owing to hunting 
of the 1 kc. p.s. phonic motor. This hunting is usually quite small but can 
have a maximum amplitude of about ± 30 electrical degrees at 1 kc. p.s., or 
about 2 degrees at 60 c.p.s., which is negligible for clock operation although 
excessive for stroboscopic applications. 

Production of Precision Timing Pulses 

In addition to the 60 c.p.s. sector disk a narrow strip of 17 gauge Mu-metal 
was also mounted on the 10 r.p.s. shaft of the clock. This strip, or needle, 
was dynamically balanced to avoid vibration and the tip filed to a square cross 
section of the thickness of the metal. Another Mu metal disk is provided, 
which is in effect a small disk carrying 10 accurately spaced needles. The 
10 c.p.s. needle and the 100 c.p.s. disk needles each pass through the poles of 
similar small permanent magnets. The magnets have tapered poles to confine 
the field to a small angular displacement of the needles. The pickup coils on 
the magnets have an approximate effective impedance of 500 ohms. Screw- 
and-slot adjustments are provided for moving the magnets slightly in order 
to change the phases of the induced voltages. 

The voltage pulses induced in the coils by the passage of the needles are 
not directly usable because they can have a jitter of as much as 80 to 90 /Ltsec.^ 
corresponding to the 30 electrical degrees of motor hunting mentioned above. 
Therefore these pulses are used solely as gate pulses to select, at the desired 
repetition rate, pulses of much higher timing precision which arc produced 
at the 1 kc. p.s. stage in the counting-down chain. 

hig. 1 is a schematic diagram of the electromechanical system. Suppose^ 
for example, the ganged 3-section selector switch is set at position B. The 
voltage pulses from the 10 c.p.s. needle pickup coil, which have a wave form 
as shown in Fig. 2 (a), are differentiated, amplified, and squared by V2 and 
its associated circuits. The crystal diode, V3, removes the negative part of 
the wave so that the wave form at the input to the control grid of the mixer 
valve V4 is as shown in Fig. 2 (6). The dotted wave forms of Fig. 2 (ft) 
indicate the probable amount of jitter. The precision timing pulses are then 
derived from the I kc. p.s. clock amplifier by means of the clipping valve, V5, 
the differentiating circuit, C18, P3, and the crystal diode, V6. The constants 
of these circuits have been chosen to produce 1 kc. p.s. positive pulses at the 
suppressor grid of V4 with a sharp rising edge and an approximate duration 
of 100 /isec. The wave form of these pulses is shown in Fig. 2 (c). The 
cathode bias of V4 is adjusted by means of P2 so that no anode current is 



McKlNLBY: PRODUCTION OP DOW FREQUENCIES 


53 


drawn if either the 1 kc. p.s. pulses or the gate pulses are applied separately 
to the grids of V4. (Incidentally, this positive bias voltage also sets the 
clipping level of the 1 kc. p.s. pulses.) However, if both the gate pulse and a 



I 

(d) AWOQg or V4 


I 

Fig. 2. Voltage wave forms. 

1 kc. p.s. precision pulse are applied coincidentally to V4, anode current will 
flow and an anode pulse is produced as shown in Fig. 2 (d). The phase of 
the gate pulse is adjusted mechanically to ensure that the gate will straddle 
the precision pulst‘. The output of V4 is then amplifled by V7 to about 100 
peak volts. Thus the output pulses are actually the same pulses as supplied 
to the suppressor grid of V4 but selected at a rate of 1 in 100, or 10 per sec. 
The timing precision of these pulses is the same as that of the original 1 kc. p.s. 
source and is not affected b> jitter of the gate pulse. 

If the selector switch is now set to |X)sition A the microdial contactor will 
ground the grid of V7 except over a period of approximately 0.05 sec. each 
second. This gate, which is considerably wider than a single pulse but not 
wide enough to include two 10 c.p.s. pulses, can be phased by the microdial 
to straddle one of the output pulses. The over-all rate is now 1 in 1000 or 
one pulse per second. 

Putting the selector switch on position C simply connects the input of V2 
to the 100 c.p.s. needle disk. The operation is the same as described above 
for position B except that the output pulses are now selected at the rate of 
1 in 10 or 100 pulses per second. 

When the selector switch is in position D the mixer tube V4 is by-passed 
and the precision pulses are supplied directly to the output stage at a rate of 
1000 pulses per second. The output pulses in this case will be negative. 
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whereas the pulses produced at switch positions i4, B, and C, are positive, 
owing to the inversion occurring in V4. A single triode push-pull inverter 
stage could be added to the output to provide low-impedance positive or 
negative pulses as desired, but this feature was not required in the laboratory. 

When examined on a high-speed osilloscope it is seen that the 1 kc. p.s. 
precision pulses produced from the 1 kc. p.s. standard frequency source 
actually have a small jitter of the order of a microsecond or less, representing 
an interval timing error of one part in a million at one pulse per second. The 
uncertainty in the triggering of stroboscope tubes is rather greater than this, 
so the stability of the pulse is fully adequate for these purposes. This residual 
jitter is attributable to the characteristics of the 10 kc. p.s. and 1 kc.p.s. 
multivibrators If it is desired to produce pulses at low repetition rates with 
jitters of the order of 0 1 or even 0 01 /isec. it will be necessary to form the 
pulses at the cr> stal frequency and then to gate these pulses electronically at 
10 kc p s. and 1 kc p.s. For example, this can be done by using the existing 
multivibrators solelv to provide gating pulses to mixer circuits, similar to that 
shown in Fig. 1, at the 10 kc p.s. and 1 kc. p.s. levels. The resultant pulse 
produced at the one pulse per second level, say, will have an extremely small 
jitter but the pulse will necessarily be quite short, ot the order of 1 or 2 jusec., 
and some lengthening ma> be required to make it usable in practical timing 
applications. 

The electromechanical gating technique described above is applicable to 
any of the usual types of quartz crystal primary or secondary standards 
incorporating an electric clock at some stage in the frequency division chain, 
and it offers several advantages over purely electronic methods below 1 kc. p.s. 
in simplicity of apparatus, reliability of operation and maintenance of 
precision. 
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OBSERVATIONS ON THE ADSORPTION OF WATER 
VAPOR BY WHEAT! 

By J. D. Babbitt* 

Abstract 

The adsorption and desorption of water vapor by wheat was measured by 
means of a McBain sorption balance. Curves are obtained showing the rate at 
which moisture is adsorbed by kernels of wheat directly exposed to a humidified 
atmosphere, and a theory is advanced to account for the rate of adsorption. It 
is shown that the rate of adsorption is governed largely by the time taken for 
the moisture to diffuse up to the surface of the wheat, under storage conditions, 
this is much greater than the time required for the moisture to penetrate the 
kernel of wheat from its surface. 


The Adsorption Isotherm 

Several observers (4, 6, 7) have measured the water vapor adsorption 
isotherm for wheat, but no provision was made in any of the measurements to 
distinguish between adsorption and desorption and no measurements were 
recorded on wheat of low moisture content. In order to study the difference 
between adsorption and desorption and to observe the behavior at low moisture 
contents some measurements were made with wheat by means of a McBain 
sorption balance. Preliminary results have already been published (2) but 
more extensive data are now available and are worth recording. 



The arrangement of the apparatus is shown in Fig. 1. The wheat (approxi- 
mately 10 kernels) was suspended on a quartz spiral in a glass tube. A 

Manuscript received September 27, 1948. 
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saturated salt solution, held at a constant temperature by the same water 
bath that surrounds the wheat, maintained a constant relative humidity in 
the glass tube, and various humidities were obtained by using different salts. 
The air was evacuated from the system so that all measurements were made 
in an atmosphere of water vapor alone. The vapor pressure was measured 
by means of a manometer containing a vacuum oil having a low vapor pressure. 
The extension of the spiral spring was measured with a cathetometer and the 
spring was calibrated by the use of standard weights. 

To determine an isotherm, the wheat, which had been previously dried, 
was placed on the balance and the apparatus evacuated. The extension of 
the spring, as then measured, corres|3onded to the dry weight of the wheat. 
The system was then opened to the saturated solution and the extension of 
the spring measured at intervals until there was no further elongation. At 
the same time the pressure as given by the manometer was recorded. In 
some observations, measurements were continued over several days in order 
to be certain that the adsorption was complete. The moisture content was 
calculated from the extension of the spring, and the vapor pressure was 
obtained from the manometer reading. When an observation at one relative 
humidity was completed, the solution was changed and the procedure repeated. 
In this way the complete isotherm was obtained. 



The results of the measurements on adsorption^ are collected in Fig. 2 
while those for desorption are given in Fig. 3. Throughout this paper the 
moisture content is expressed as percentage of the dry weight of the wheat. 
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The wheat used was, in one experiment, No. 1 Northern Garnet wheat and in 
the others No. 1 Northern Marquis wheat. It was not intended in these 
experiments to study the difference in behavior of various varieties of wheat 
but only to observe the general nature of the adsorption. 



For both adsorption and desorption there is considerable scatter in the 
results, but it should be noted that for a series of readings on any one sample 
the points for desorption apjiear to give a more consistent curve than those 
for adsorption ; for any one series of points in Fig. 3 a smooth sigmoid curve 
is obtained but for adsorption this is not so. In Fig. 2 the experimental 
points are scattered uniformly about a mean curve and each series of measure- 
ments does not have the continuity that is found in desorption. 

At low moisture contents the curve for adsorption is convex to the humidity 
axis and there is no indication of the concave curvature that is often found 
for adsorption by organic materials and that is clearly shown in the desorption 
curve. One set of. measurements (represented by •) does indicate such a 
curvature but this is not substantiated by the other measurements. The 
individual points for desorption for each sample of wheat lie on a fairly smooth 
curve although the curves for different samples do not exactly coincide. 
There is no doubt that the desorption curves have a definite reversal of 
curvature and are strongly concave to the relative humidity axis at low 
moisture contents. 

It is difficult to say why the behavior of the wheat should differ in this way 
during adsorption and desorption. The deviation of the individual points 
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from a smooth curve could have been caused by fluctuations in the vapor 
pressure; small variations in the temperature of those parts of the apparatus 
not in the thermostat, or failure of the solution to attain uniform saturation, 
might change the vapor pressure over a short interval of time sufficiently to 
give an altered moisture content and, owing to hysteresis, this spurious 
moisture content would remain when conditions became normal. That 
this should have occurred during adsorption and not during desorption is 
improbable. There arc other reasons to believe, moreover, that these differ- 
ences arc not the result of fluctuations in the vapor pressure; in several of the 
experiments two balances were used and yet there was no correlation in the 
deviations for two samples of wheat even when exposed to the same atmosphere 
of vapor. Also, in an experiment in which wheat was exposed on one balance 
and flour on the other, it was found that deviations that occurred for the wheat 
did not occur for the flour. The measurements made on a sample of flour 
are shown in Fig. 4. It should be noted that the hysteresis is less pronounced 
than for wheat and the curve for adsorption is concave to the humidity axis 
at low moisture contents. 



Fig. 4. Adsorption by flour, O Adsorption, » Desorption, X Second adsorption. 

With the exception of one run at 34® C. (Fig. 5) the experiments were 
carried out at a temperature of 25® C. At 34® C. it was impossible to take tfie 
measurements to high relative humidities, as under these conditions condens- 
ation occurred in the parts of the apparatus that were at room temperature. 

In completing the desorption curve it was never possible to remove all the 
moisture from the wheat. To obtain zero relative humidity, the apparatus 
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was evacuated with a mercury diffusion pump. After days of evacuation the 
wheat still retained several per cent of moisture and no appreciable change of 
moisture content occurred from one day to the next. This residual moisture 



Fig. S. Isotherm for wheat at 34^ C. 


content is shown graphically by the fact that in Fig. 3 the desorption curve 
for 25® C. cuts the axis at approximately 3% moisture content. The effect 
for the curve at 34® C. is less pronounced ; throughout its length the desorption 
branch is below that for 25® C. and the residual moisture content is only 
0.8%. Thus it is evident that the residual moisture content is a function of 
temperature. With the flour the moisture was completely removed by 
evacuation. 

There was some question whether this residual moisture content was real; 
the difference between the final and original weight might represent an 
addition to the dry weight of the wheat caused by the cycle of moisture 
changes to which it had been exposed. That it was a true residual moisture 
content was shown by the following. A sample of wheat that had undergone 
a desorption cycle and after evacuation had retained some residual moisture 
was exposed to an increasing scries of relative humidities so that a second 
adsorption curve was obtained. When the relative humidity had increased 
to 20% the moisture content was equal to that obtained in the original adsorp- 
tion measurements. An additional proof is given by the fact that the wheat 
when removed from, the apparatus and dried to constant weight in a vacuum 
oven had the original dry weight. 

The Time-Rate of Change of Moisture Content 
Introduction 

The time required for the moisture content of wheat to come to equilibrium 
with any relative humidity to which it is exposed is not only of scientific 
interest but also, owing to the influence of moisture content on the keeping 
quality of wheat, of great commercial importance. Many factors influence 
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the rate at which water vapor is adsorbed by wheat and this is especially 
true when the kernels are not isolated but are confined within the bulk of 
a mass of wheat. It is obvious that a single kernel of wheat directly exposed 
to water vapor will take up moisture more quickly than kernels several inches 
below the surface in a grain elevator. On account of the resistance of air to 
the movement of water vapor one would expect that the rate of approach 
to equilibrium would be slower in air than in an atmosphere having the same 
water vapor pressure but from which the air has been exhausted. If, however, 
the air is maintained in rapid motion the water vapor at the surface of the 
kernel will be replenished as fast as it is adsorbed and the rate of adsorption 
will more nearly equal that of vapor alone. In studying the rate at which 
moisture is taken up by wheat it is important to distinguish between the 
effect of the diffusion of the water vapor through the air and the surrounding 
wheat up to the surface of the kernel from the diffusion through the skin and 
into the kernel itself. Before describing some experiments that werp devised 
to disentangle these effects it is necessary to discuss the fundamentals of 
diffusion theory. 

Fundamentals of Diffusion 


If the coefficient of diffusion is defined as the ratio of the total mass that 
flows across unit area of any small section in unit time to the rate of decrease 
of density per unit distance in a direction jXirpcndicular to that section, the 
fundamental equation of diffusion is 

m=lD%dydz. ( 1 ) 

where dQ is the mass passing through a plane of area dydz in time d/, D is the 

coefficient of diffusion, and ^ the density gradient. 

From this fundamental equation, the differential equation governing 
diffusion (Pick’s law) may be derived in a manner similar to that by. which 
Fourier’s equation is obtained in the analogous phenomenon of heat flow. 
We consider the flow of matter into and out of a differential block through 
the two faces normal to the direction of the jc-axis, and obtain 
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By similar considerations in the y and z directions we get for the equation 
in three dimensions 

|e = 2)V*p+|^(gradp)>. (3) 

This is the exact differential form of Pick’s law. If D is independent of the 
concentration the second term is zero and we have the simple form which 
has been solved for most of the common geometrical shap)es and is, therefore, 
generally used. 

In experimental work on gases, the pressure, rather than the concentration, 
is measured and quite commonly the diffusion coefficient is expressed as the 
mass flow per unit pressure gradient. For gases in free space, where the 
concentration is linearly proportional to the pressure, the use of the pressure 
rather than the concentration gradient is equivalent to multiplying D by a 
constant factor. When, however, we come to study the diffusion of gases 
through solids the pressure is not always proportional to the density, for all 
the complications associated with adsorption are presemt; it is exceedingly 
rare to find any substances for which the amount of material adsorbed is 
linearly proix)rtional to the pressure, and before applying the pressure gradient 
to the diffusion equation it is necessary to develop the appropriate equation 
from fundamentals. 

We start by writing the fundamental Equation (1) in terms of a second 
diffusion coefficient Z?p, which bears to the pressure gradient the same relation 
that D bears to the concentration gradient. 

and proceeding as before we develop the differential equation in terms of the 
pressure. 



This may be written 



In considering the diffusion of a gas such as water vapor through an adsorb- 
ing material such as wheat the concentration p would be the weight of water 
vapor per unit volume. In adsorption, however, the moisture content is 
commonly expressed as the weight adsorlied per unit weight of dry adsorbent. 
If m is the moisture content and p the density of the dry adsorbent we have 

p = wp , 

dp dm 
dp ~ ^ "dp ■ 


and 
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Now ^ is the slope of the adsorption isotherm and following Daynes (S) 

dp 

we shall call it the specific solubility and denote it by 5. Then 


and Pick's law has the form 


— *= l*s, 

dp ^ ’ 


In three dimensions 


dp \dx) 


fiS^ = Dp V*/> + ^ (grad />)* 


(7) 

( 8 ) 
(9) 


at ' ' ■ dp 

In order to find the relation between the two coefficients D and Dp we take 
the two fundamental equations 




and 


dQ 


dt 




If ^ is the same in both equations we must have 
at 


and 


dp _ dp 

— z=i jj ~ , 

dx dx 


Dp^ D 


dp 


dp 

^ Dp S . (10) 

Wc have alrefady mentioned the analogy between the equations of diffusion 
and those of thermal conductivity; Equation (10) is analogous to the relation 
between the thermal conductivity k and the thermal diffusivity k. 
Fourier’s equation we find 

K ^ -j- 9 

dc 


In 


where d is the density and c the specific heat. It is evident, therefore, that 
D corresponds to the thermal diffusivity, Dp to the thermal conductivity, and 
5 to the specific heat. The pressure p is the potential function corresponding 
to the temperature. 

Rate of Approach to Equilibrium in Wheat 
The movement of water vapor into wheat can be studied by exposing 
wheat to an atmosphere of constant relative humidity and measuring the 
change of weight with time. With this idea in mind several different typos 
of experiments were carried out. In some a small quantity of wheat was 
placed in a weighing bottle and exposed in a desiccator to an atmosphere of 
constant humidity; in other experiments the weighing bottle with the wheat 
was exposed in a small chamber, which was maintained at constant tempera- 
ture and humidity and in which the air was rapidly circulated by means of a 
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fan; in one single experiment the approach to equilibrium was measured on 
one of the sorption balances used in the experiments described in the first 
part of this paper. In all experiments, saturated salt ^lutions were used to 
obtain a constant humidity, and sodium chloride, which gives a relative 
humidity of 75%, was the solution employed in the majority of the experi- 
ments. 

As previously mentioned there are two aspects of adsorption that must 
be considered ; first, there is the diffusion of the water vapor from the solution 
to the surface of the wheat and, secondly, there is the diffusion through the 
skin and into the kernel. The preliminary experiments were designed to 
eliminate the effect of diffusion through the air and to obtain as closely as 
possible an estimate of the time required for the moisture to penetrate the 
kernel from its surface. The wheat was, therefore, exposed in a single layer 
so that no superimposing wheat was present to restrict the movement of the 
moisture up to the wheat. 

The results obtained from some of the experiments with single layers of 
wheat are reproduced in Fig. 6. The curves in this graph show that the 



Fig. 6. Rate at which moisture is adsorbed by single layers of wheat under various con- 
ditions* O Sorption balance in vacuum X Humidity chamber with fan* • Humidity 
chamber with fan* 9 Humidity chamber with fan -f Desiccator, 

moisture content increased most rapidly for the wheat that was exposed in 
the humidity chamber with a fan blowing the air over the surface of the 
kernels, and least rapidly for the wheat in the desiccator. The wheat on the 
sorption balance adsorbed the moisture at a rate slightly less than that in' 
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the humidity chamber; one might have expected the adsorption on the 
balance to proceed more quickly since it took place in an atmosphere of water 
vapor with no air present to resist the movement of the moisture. There 
was, however, considerable glass tubing between the solution and the wheat, 
and this may have substantially delayed jthe movement of the moisture. 
The evaporation of the moisture from the surface of the solution may also 
have been slower in this apparatus since in the humidity chamber the air was 
directed across the surface of the solution by the fan. The final equilibrium 
value was not the same in all these* experiments, owing to differences in the 
wheat or variations in the relative humidity, but nevertheless the differences 
in the rate of approach to equilibrium are obvious. 

From these experiments we are entitled to assume that in the humidity 
chamber the time required for the wheat to reach the equilibrium moisture 
content is almost completely the result of the resistance to diffusion within 
the grain itself; that is, we can assume that the rapid circulation of air ensures 
that at the surface of the wheat the air will contain water vapor in the con- 
centration corresponding to the equilibrium conditions. 



Fig. 7. Comparison of adsorption by wheat with and without skin. 

As a preliminary consideration it would be natural to assume that the 
greater part of the resistance to the movement of moisture into the grain 
resided in its skin (pericarp). In order to test this assumption the skin was 
removed from several kernels and these were exposed to a moist atmosphere 
under similar conditions to some whole grains. The results arc shown in 
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Fig. 7. Allowing for the fact that there is a slight difference in the final 
equilibrium moisture content, the approach to equilibrium is almost identical. 
The indication is that the skin offers little resistance to the movement of 
moisture. 

Calculation of Rate of Approach to Equilibrium 

If we assume that a kernel of wheat is a sphere of homogeneous material 
and that, under the driving force of the concentration gradient, the moisture 
diffuses into the sphere according to Pick’s law we can calculate the shape of 
the moisture content wersus time curve. Thus if Co is the initial concentration 
in a sphere and C 2 the concentration at the surface, the amount Qt that has 
diffused into the sphere in time t is given by 



where a is the radius of the sphere. (For derivation of this formula see: 

“Diffusion in and Through Solids,’’ by R. M. Barrer; Cambridge University 

Press, 1941, page 29. In this book there is a mistake in the constant.) This 

equation has been derived from the concentration form of Pick’s law and the 

coefficient D is the true diffusion constant. D has the dimensions of U/T. 

To adapt this equation for our purix)se we replace the concentrations with 

. . 4 TT a^m . 

the corresponding moisture contents and put Qt = — ^ — , where m is the 

average moisture content throughout the kernel at the time t. For con- 

TT^ 

venience we write D— = D\ We assume that Wo = 0 and that the moisture 
a^ 

content m 2 at the surface of the sphere is the same as the final moisture content. 
Then we have 

w = m, [1 - \ + 1 . (12) 

To test this equation we use the curve for wheat in the humidity chamber 
with the fan blowing. We evaluate D' by taking the point / = 20 hr., 
m = 14.00, and obtain D' = 0.087. Using this value of D' we can calculate 
the whole curve. This is shown in Fig. 8; the fit with the observed results is 
fairly good but although the curves are similar in shape there are indications 
that the observed values rise more slowly at the beginning and more rapidly 
at the end than the calculated values. The calculated values are based on a 
diffusion coefficient D which remains constant throughout the adsorption; 
the observed results indicate that D increases as the moisture content of the 
grain increases. 

Several workers have pointed out that at low moisture contents vapors 
diffuse through adsorbing materials much more slowly than at high moisture 
contents. In addition there is a secondary effect that may exert considerable 
influence on the adsorption. We have shown in Equation (10) that the 
concentration coefficient is related to the pressure coefficient by the relation 
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D = Dp/fJL S and is thus inversely proportional to the specific solubility 5. 
The specific solubility, which is the slope of the adsorption isotherm, 
increases with humidity, as is clearly shown in Fig. 2. As S increases, the 



Fig. 8. Comparison of calculated with observed rate of adsorption. 



diffusion coefficient D should decrease. Since experimentally we find that, 
during adsorption, D actually seems to increase we can only infer that the 
effect of the specific solubility 5 is masked by a greater change in the 
coefficient Dp. 

When we study the drying of wheat, the effect of the variation in the 
coefficient is more pronounced. To study this, the process described above 
was reversed; wheat having a moisture content around 15% was exposed to 
a dry atmosphere. In all but one of these desorption experiments the wheat 
was exposed in a desiccator and the air was still. In one experiment the 
desiccator was evacuated. Although we have already seen from Fig. 6 that 
the exchange of moisture is considerably delayed by the resistance of the air 
yet by comparing the desorption with adsorption under similar conditions 
we can readily see the differences in the two processes. 

In Fig. 9 the results of two desorption experiments with single layers of 
wheat are shown and two adsorption curves have been reproduced for com- 
parison. There are two important factors. that distinguish the desorption 
from the adsorption curves; the desorption curves do not reach an end point 
and there appears to be a residual moisture content that would not be removed 
even after an infinite length of time. One of the desorption curves was 
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obtained with the wheat in an evacuated desiccator and the other with the 
wheat in a desiccator at atmospheric pressure. There is little difference in 
the rate of desorption and the difference that is shown may well be explained 



Fig. 9. Comparison between adsorption and desorption, O Desorption in vacuum 
desiccator at room temperature, X Desorption in desiccator at 91 J® C, • Adsorption in 
humidity chamber with fan, -+■ Adsorption in desiccator, 

by a difference in temperature. The desorption in the evacuated desiccator 
should be comparable to the adsorption under the most rapid conditions, and 
a curve showing the adsorption with a fan blowing a current of air across the 
wheat is reproduced. The second adsorption curve was obtained with the 
wheat in a desiccator containing a saturated sodium chloride solution under 
still air conditions. In the initial stages there is some resemblance between 
this adsorption curve and the desorption curves but the adsorption curve, 
and this occurs in all experiments, does come to a definite end point. The 
difference in the shape of the adsorption curve obtained with the air in rapid 
motion is most pronounced. There the adsorption rises rapidly and decisively 
to an end point. 

The fact that it is impossible to remove all the moisture from wheat at 
room temperatures by evacuation or desiccation has already been noticed in 
the experiments with the sorption balance. There it was also found that if 
the temperature was raised the residual moisture content was lowered. To 
elucidate this point, desorption curves were obtained at higher temperatures. 
These are shown in Fig. 10. The curves were obtained with wheat under 
atmospheric pressure in a desiccator. The effect of increase of temperature 
is readily apparent, the initial loss of moisture being more rapid and the final 
values lower. In all curves there is still a finite decrease in the moisture 
content at the conclusion of the experiments. It is impossible to say whether 
this decrease would go on indefinitely and whether the wheat would finally 
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attain zero moisture content. It is evident, however, that at some tempera- 
ture (perhaps the boiling point of water) all the water vapor would be removed; 
this is a basic assumption in this work, as the final weight obtained in a vacuum 
oven has bc^en taken as the dry weight of the wheat. 



The difference in the behavior of the wheat during adsorption and desorp- 
tion might have been forecast from the differences in the adsorption and 
desorption isotherms. We have pointed out that the diffusion coefficient D 

is equal to ^ and is therefore inversely proportional to the specific solubility. 

In the desorption curves, on account of the reverse curvature, the slope is 
very large at low moisture contents and becomes infinite as we approach the 
origin. J9, therefore, becomes small and the desorption would proceed 
very slowly. The behavior of D during desorption can be seen more clearly 
if we attempt to fit the experimental curve with Equation (12). For desorp- 
tion this has the form 


m 


= mo - (wo - mo) “ ^2 S ^ , 


(13) 


m which mo is the initial and m 2 the final moisture content. Since the end 
point is not zero we have to assume an appropriate value for m 2 . 

The values calculated from this equation for the curve at 91.3® F. are 
shown in Fig. 11; mo = 15.90, W 2 = 3.40, and D' was found to be equal 
to 0.014. To determine Z)' the calculated values were made to fit the experi- 
mental values at / = 100. It is immediately seen that the desorption is 
more rapid at the beginning and less rapid at the end than that given by the 
equation It should also be noted that the equation gives a constant value 
for the moisture content after 400 hr., while the experimental results are 
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still decreasing at this point and give no indication of reaching an equilibrium 
value. The difference between the calculated curve and the experimental 
points is strong evidence that D' is decreasing throughout the experiment. 



Fig. 11 . Relation between observed and calculated values for desorptiom O Observed 
values. 

We have stated that the low value of Z>' at low moisture contents is the 
reason for the slow approach to equilibrium. This low value of D' results 
from the high curvature of the desorption curve near the origin. In order to 



Fig. 12. Difference in desorption with potassium hydroxide and calcium chloride. 
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show the effect of this, two desorption experiments Were made under similar 
conditions, in one of which the desiccant was calcium chloride and in the 
other potassium hydroxide. Potassium hydroxide gives a relative humidity 
of approximately 9% and, according to Fig. 3, the specific solubility would 
be finite in that region. We should expect the moisture in the wheat exposed 
to potassium hydroxide to reach a definite end point, in contrast to the 
behavior usual with calcium chloride. That such is the result is shown in 
Fig. 12. The desorption with potassium hydroxide, while proceeding at the 
beginning at a rate not much slower than that with the calcium chloride, 
does appear to have reached an end point at 600 hr., while the other curve 
gives no such indication. 

Experiments on Adsorption in Depth 

It has already been pointed out that when wheat is present in bulk one 
would expect that kernels in layers below the surface would pick up moisture 
much more slowly than those on the surface, and that consequently dry wheat 
exposed to humidity would not attain equilibrium throughout its depth for a 
considerable length of time. Some evidence of this effect has already been 
shown by the difference in the time required for wheat to adsorb moisture 
when exposed in still air in contrast to a vacuum or rapidly moving air. One 
would expect the presence of other wheat kernels, which makes it necessary 
for the moisture to diffuse through the interstices between the grains, to 
increase this effect and to reduce the rate of adsorption to a very low value. 
That such is the result is shown by some simple experiments. 

Small samples of wheat were placed in cylindrical glass vessels approxi- 
mately IJ in. in diameter. The height of the vessels and the depth of the 
wheat varied in the different experiments. In a constant-temperature 
chamber, the samples were exposed at the top surface to a constant relative 
humidity of 75% with a fan blowing over the surface of the wheat. 

The results are shown in Fig. 13. The measurements were made for a 
period of 400 hr. The abscissae are the amounts of moisture adsorbed 
expressed as a percentage of the total weight of wheat. As the depth of the 
wheat becomes greater the percentage of moisture adsorbed during any 
period becomes smaller. It is obvious that the adsorption would not be 
uniform throughout the wheat but that the kernels on the surface would be 
close to the equilibrium value, while those deep in the vessel would have 
taken up a very small amount of moisture. If the experiments were carried 
on for a sufficient length of time all the wheat throughout the vessel would 
ultimately arrive at the equilibrium moisture content, and the rate at which 
it approaches equilibrium gives a measure of the slowness of diffusion through 
wheat. 

It is evident from these curves that water vapor can move through wheat 
only very slowly. Even so little as an inch of wheat has retarded the adsorp- 
tion to such an extent that the process is only just complete at the end of 
400 hr. With a depth of 6 in. the process is only a third completed at the 



BABBITT: ADSORPTION OP WATER VAPOR BY WHEAT 


71 


end of this period and, since the rate of the process gets progressively jslower 
as equilibrium is approached, it is obvious that it would require a very long 
period indeed before the whole of the wheat had reached the equilibrium 
moisture content. 



These simple experiments give some idea of the length of time that is 
necessar}*^ before moisture from the atmosphere can penetrate into a mass of 
wheat. It is obvious that in any reasonable time only the surface layers of 
the w’heat will be affected. Were this not so, >\heat could not be stored so 
easily and conveniently in grain elevators. For there, wheat is left exposed 
at its upper surface to the atmosphere, and during the high humidity that 
prevails in the warm summer weather, the moisture content of the wheat 
would increase to a dangerous level were it not that the diffusion takes place 
so slowly. These results support the conclusions drawn from earlier experi- 
ments on the migration of moisture in a mass of wheat under a temperature 
gradient (1). The experiments also suggest that the time required for mois- 
ture to move from the surface of a kernel of wheat into the kernel is, under all 
ordinary conditions, but a small fraction of the time necessary for the vapor 
to diffuse up to the surface. In other words, it is the diffusion of water vapor 
through the air and through overlying layers of grain that limits the amount of 
moisture taken up by wheat rather than any resistance to moisture movement 
inherent in the grain itself. Cassie (3) has arrived at a similar conclusion 
for the change of moisture content of textile fibers. He finds that “the time 
of diffusion of water vapour from the surface to the interior of the fibre must 
be of little jsignificance” in comparison with the time of diffusion of the water 
vapor up to the surface of the fiber. The wheat does, however, possess some 
quality that resists complete drying. 
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DRIED WHOLE EGG POWDER 

XXVIII. REPRODUCIBILITY AND INTERRELATION OF METHODS 
OF ASSESSING QUALITY* 

By Jesse A. Pearce* and M. W. Thistle* 


Abstract 

The relation between palatability and fluorescence value, previously estab- 
lished for 33 samples of plain egg powder, was substantiated by comparisons for 
118 samples. Fluorescence measurements were more readily reproduced among 
various laboratories than measurements of potassium chloride value. Batter 
density measurements were found to be a satisfactory measure of the baking 
quality of sup;ar-^g powder and were more convenient than the baking of test 
cakes. Particle size of spray-dried sugar-egg powder was also related to baking 
quality; powder falling between 50 and 200 mesh (U.S. Bureau of Standards) 
yielded the lightest sponge goods. 

Introduction 


During the course of work reported in earlier papers in this scries, several 
tests of quality in plain dried egg powder were described and some of these 
have been written into standards governing quality (1, 2, 5). The repro- 
ducibility of these tests became the subject of collaborative studies. On 
sugar-egg powder, measurements of baking volume were inconvenient for 
control testing and simpler methods were sought. Some of these were also 
assessed in a collaborative study. 

The present paper, describing the results of this work, is divided into two 
main parts. The first deals with studies on plain egg powder and describes 
further assessment of the fluorescence-palatability relation (7), and colla- 
borative measurements of fluorescence (8) and potassium chloride values (11). 
The second deals with studies on sugar-egg powder; it describes the relations 
between a number of measurements and cake volume (6), and a collaborative 
study of foam density, batter density (5), and cake volume (5) as methods of 
assessing baking quality. 

Plain Egg Powder 


The Palatability-Fluorescence Relation 

In the first report (7) on the relation between palatability scores and fluores- 
cence value a correlation coefficient of — . 90** was obtained for a 14-man 
panel testing 33 samples of dried egg. The equation relating these character- 

y = 2.32 - 0.12x, 


istics was 


where y is the logarithm of the photofluorometer reading and x is the palata- 
bility rating on a scale ranging from 10 for excellent to 0 for inedible samples. 


Manuscript received October 5, 1948, 

ContributioH from the Division of Applied Biology National Research Laboratories^ OUama* 
Issued as paper No. 220 of the Canadian Committee o^ood Preservation and as N.R.C. No. 187T. 
Biochemist^ Food Investigations. 

** Exceeds the 1% level of statisHcal significance. 
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In the present study, eating-quality assessments by a 12-man panel on 118 
samples over a wide range of quality were found to be related to fluorescence 
values (8) by the equation 

y = 2.28 - 0.11 * 

with a correlation coefficient of — . 84**. Neither of the parameters of this 
equation differed significantly from those previously established, and there 
was no significant difference between the two correlation coefficients. 

Collaborative Study of Fluorescence and Potassium Chloride Values 
To provide material for this study, a sample of good egg powder was thor- 
oughly mixed, divided into four lots, treated as shown in Table I, canned 
in 100-gm. samples in No. 1 tins, and held at —40® F. Samples from each 

TABLE I 


Fluorescence and potassium chloride values on egg powder of four quality levels 
(Rounded averages of 24 determinations) 


Sample 

designation 

Treatment, 
days at 110® F. 

Fluorescence 

value 

Potassium chloride 
value 

Good 

None 

22 

71 


2 

29 

68 

Poor 

5 

49 

43 


9 

68 

34 


treatment were distributed (by air express where necessary) under randomized 
code numbers, at monthly intervals for four months, to each of the three 
co-operating laboratories. Each laboratory determined the fluorescence (5) 
and potassium chloride values (5) on duplicate samples from each tin. 

Since duplicate analyses on ‘poor’ quality powders were significantly more 
variable than those for ‘good’ quality powders, the data had to be divided for 
separate statistical analyses. 

The fluorescence measurements made by Laboratory 2 on poor quality 
egg powders (Table II) were lower than the measurements made in the other 
two laboratories but, for good egg powders, there was no significant difference 
attributable to laboratories. The potassium chloride values determined in 
Laboratory 1, for both good and poor quality powders, were significantly 
lower than measurements made in either of the other two laboratories, 
laboratory 3 consistently recorded high values for the ‘good’ sample with an 
average potassium chloride value of 68 (Table I). 

An assessment based upon the differences between laboratories, within 
laboratories, between replicate samples, and between duplicate analyses is 
given in Table III. The average difference between any two fluorescence 

** Exceeds the 1% level of statistical significance. 
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TABLE II 

Fluorescence and potassium chloride determinations at three laboratories for 
'good* and 'poor* samples of dried egg powder 

(Averages of 16 determinations) 



Fluorescence 

Potassium chloride 

Laboratories 

Good 

Poor 

Good 

Poor 


samples 

samples 

samples 

samples 

1 

26.5 

58.9 


35.3 

2 

24.8 

56.2 


40.6 

3 

25 0 

59.8 


39.6 

Necessary difference, 5 % 





level of significance 

““ 


1.4 

2.3 


TABLE III 

Estimated total errors of determinations of fluorescence and 

POTASSIUM CHLORIDE VALUES 
(Based upon results from three laboratories) 


Estimates of error 

Fluorescence 

Potassium chloride 

Good 

samples 

Poor 

samples 

Good 

samples 

Poor 

samples 

Standard deviation of a 
single observation 

1 6 

3 0 

2 0 

3.5 

Average difference between 
two observations sel- 
ected at random 

1 8 

3 4 

2.3 

4.0 

'Maximum* difference bet- 
ween two observations 
selected at random (5% 
point) 

4 7 

9 0 

1 

6 1 

10.5 


value determinations on a good egg powder, under the conditions of this experi- 
ment, was likely to be less than 2 units, and the ‘maximum’ difference (5% 
point) was likely to be less than 5 units. The corresponding figures for the 
potassium chloride determination were 2.5 and 6.5 units. Of the two 
methods of assessing egg powder quality, the fluorescence method was better 
than the potassium chloride method from the standpoint of reproducibility of 
results, since, in addition to random errors, determinations of the potassium^ 
chloride values were in error because of systematic differences between one 
lalx)ratory and another. 

Sugar-Egg Powder 

Since sugar-egg powder is intended for use in baked goods, its baking 
quality must be controlled. But the baking of test cakes is often incon- 
venient, and a simpler method of measuring baking quality was desired. 
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Foaming volurni* measurements provided useful information in some of the 
initial experimental work (3), but it was observed that this measure was subject 
to irregularities (4), and it did not appear to be satisfactory for controlling 
commercial production. 

In the present work, the relations between cake volume and a number of 
other characteristics were examined, with special attention to determinations 
of particle size. This was followed by a collaborative test of the cake volume 
methods in current use. Simple density measurements on cake batter had 
been suggested as a jwssible test of baking quality, and density measurements 
were therefore included in this collaborative study. 

Relation Between Some Quality Tests and Cake Volume 

The powder used in this part of the study was produced in two Canadian 
plants using cone-type driers during the fall of 1945: 22 samples were taken 
at various times from the main drying chamber of one plant and nine samples 
from the main chamber of the other. The samples were produced under a 
variety of conditions and represented the range of quality likely to be met in 
commercial operations. 

The analytical measurements made on these powders included determina- 
tions of moisture content (11), fluorescence value (8), potassium chloride 
value (11), pH (5), foaming volume (4, 6, 9), foam stability (6), and cake 
volume (6). In addition, packing density was determined by measuring the 
volume occupied by 1 lb. of powder when poured into a container and sub- 
jected to three free falls df four inches. Finally, particle size determinations 
were made by sieving a 1 lb. sample on a Ro-tap shaker for one hour and deter- 
mining the weight of powder in the various mesh ranges used (II.S. Bureau 
of Standards). Although this does not provide an exact separation of the 
|X)wder (10), it was believed satisfactory for the present purpose. 

Most of these tests were useless from the standpoint of prediction of cake 
volume because either the correlation coefficients were too low or different 

I 

equations had to be used for powders from different plants. Foaming volume 
was again related to baking volume (r = . 73**). However, sieve analysis of 
powders as received from the driers provided the best estimate of cake volume 
(/? = .80**), ^ fact that seemed to warrant further work. 

Relation Between Particle Size and Cake Volume 

In a preliminary study, an attempt was made to asst‘ss the effect of various 
drying conditions on batches of spray-dried powder of uniform particle 
sizes, to be obtained by using a fixed nozzle aperture, but this failed because 
thest* other drying conditions also had an effect on particle diameter. 

During the winter of 1946, cakes were baked using 30 samples of sugar-egg 
powder from the main drying chambers of eight [)lants and 14 samples from 
the sec'ondary collectors of three* plants. Samples of the same powders were 

*'*' Exceeds the /% level of staiistual signifitante. 
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sieved as previously described. The prediction equation for powders from 
the main chambers was: 

y = 229.3 - 0.094JC1 + 0.556x2 + 0.450x3 + 0.453x4 , 

where y is the cake volume in ml. and xi , X 2 , Xs , and X 4 are the percentages of 
the powder falling between mesh sizes 16 and 50, 50 and 80, 80 and 100, and 
100 and 200 respectively. The same equation could be used for powders 
from the secondary collectors, except that the first term was reduced from 
229.3 to 213.3; i.e., on the average, powders from the main chambers gave 
cakes 16 ipl. larger than samples with the same sieve analysis from secondary 
collectors. However, for both equations, the correlation coefficient was only 
.75** and the standard error of estimate was ±11.4 ml. This showed that 
sieve analysis alone wijs not a satisfactory measure for controlling the baking 
quality of commercially produced sugar- egg jx>wdcrs. 

These equations indicated that attention should be given to adjusting the 
conditions of spray-drying to produce pow^ders finer than 50 mesh. Optimum 
cake volume at 80 to 100 mesh was suggested by an earlier study (6). The 
poor baking quality of the largest particles may be due to the fact that they 
dry most slowly and deteriorate while they are wet. 

Collaborative Study of Tests of Baking Quality 

Since the foregoing work yielded no satisfactory substitute for cake volume 
measurements, it seemed advisable to examine the baking tests in current 
use, and coincidentally, to reassess the jK^ssibility of using foam density and 
to assess batter density for predicting baking quality. 

For this study, 30 sam()les of spray-dried sugar-egg were draw’n from 
Canadian commercial production during the sumnuT of 1946: 20 samples 
were obtained from main drying chamlx?rs and 10 samples from secondary 
collectors. Each sample was thoroughly mixed in a mechanical device and 
aliquots were packed in No. 1 tins and sent to the participating laboratories 
for triplicate analyses. The procedure descrilx'd elsewhere (5) for deter- 
mining batter density and cake volume was iisi*d with minor modifications* 
by most of the laboratories. Laboratory 1 used a simpler procedure (6). 
Laboratory 5 used both procedures and their results for the simpler procedure 
are listed as Laboratory 5^4. P'oam density was determined on the batter 
before the addition of flour. 

For powders from the main drying chambers, differences between samples 
were nearly all within the limits of experimental error and hence failed to 
provide any information on the interrelations under study. For secondary 
collector powders, the correlation coefficients were considerably higher and 
most of them were statistically significant (Tables IV and V). 

• The details, if desired, can be obtained by requesting a copy of Interim Report No. 46-12-1, 
Division of Applied Biology, National Research Laboratories, Sussex St,, Ottawa, 

** Exceeds the 1% level of statistical significance. 
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TABLE IV 


Interrelation between the methods used by five laboratories for assessing the 

BAKING QUALITY OF 10 SAMPLES (SECONDARY COLLECTOR) OF SUGAR-EGG POWDER 
(Simple correlation coefficients between laboratories) 


Methods 

Lab. No. 2 

Ub. No. 3 

Lab. No. 4 

Lab. No. 5 

Lab. No. SA 

Cake Volume 






Lab. No. 1 

.81** 

.92** 

• 

• 

00 

00 

.82** 

.71* 

Lab. No. 2 


.75* 

.60 

.59 

.52 

Lab. No. 3 



.78** 

.66* 

.74* 

Ub. No. 4 




.89** 

.75* 

Lab. No. 5 





.85** 

Foam Density 



■Ml 



Lab. No. 1 

.52 

.87** 


.79** 


Ub. No. 2 


.51 


.63 


Lab. No. 3 



.86** 

.80** 


Ub. No. 4 




.64* 


Batter density 






Lab. No. 1 

.59 

.86** 

.67* 

.93** 


Ub. No. 2 


.55 

.61 

.70* 


Lab. No. 3 



.75* 

.92** 


Ub. No. 4 




.74* 



* Attains 5% level of statistical significance. 

** Attains 1% level of statistical significance. 

TABLE V 

Interrelation between the methods used for assessing the baking quality of 10 

SAMPLES (secondary COLLECTOR) OF SUGAR-EGG POWDER, AT EACH OF FIVE LABORATORIES 
(Simple correlation coefficients between methods) 


Uboratorics 

Cake volume X 
foam density 

Foam density X 
batter density 

Cake volume X 
batter density 

1 

-.88** 

.99** 

-.87** 

2 

-.61 

.84** 

-.87** 

3 

-.84** 

.99** 

-.85** 

4 

-.66* 

.83** 

-.79** 

5 

-.95** 

.86** 

-.88** 

5.4 

-.79** 

.86** 

-.87** 


* Attains b% point of statistical significance. 

•* Attains 1% point of statistical significance. 

Table V shows the interrelation, within laboratories, between the various 
methods of measuring baking quality. At some laboratories, correlation 
coefficients between cake volume and foam density were too low for prediction 
purposes. The relation between foam density and batter density is of little 
practical importance. However, the highly significant correlation coefficients 
for the relation between cake volume and batter density indicated that a batter 
density test might be useful for measuring baking quality. Calculations 
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showed that sugar-egg powder giving a batter with density greater than 0.43 
by any of the procedures used was unsuitable for use in the best class of sponge 
goods. Therefore, during the past two years, a batter density test (S) has 
been used to control the baking quality of sugar--egg powder ex|K)rted from 
Canada. 
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A NIGKEL-ALUMINUM-MOLYBDENUM CREEP RESISTANT 

ALLOY* 

By H. V. Kinsey* and M. T. Stewart* 


Abstract 

Thib paper describes a preliminary study of alloys of nickel and aluminum 
modified with molybdenum. The purpose of this work is to develop an alloy 
for use under conditions of stress at temperatures of 815® C. (1500® F.) and 
over. The room temperature mechanical properties of alloys of nickel and 
aluminum, and the influence of molybdenum on these properties, have been 
investigated. Certain combinations of nickel, aluminum, and molybdenum 
have been shown to poss^ tensile strengths well over 100,000 lb. per sq. in. at 
room temperature, and it has been demonstrated that certain characteristic 
microstructurcb, dependent upon the ratio of nickel to aluminum, are essential for 
the realization of these high strpgths. Creep-rupture tests at 815®C. (1500® F.) 
have been carried out on typiem nickel-aluminum-molybdenum alloys. The 
results have shown that certain of these alloys are superior in many respects to^ 
existing high temperature alloys, when tested under creep-rupture conditions 
at 815® C. (1500® F.). The same characteristics of microstructure that are 
essential for high room temperature strengths were also found to be necessary 
to obtain good creep-rupture characteristics at 815® C. (1500® F.). 


Introduction 


So much has been written on the subject of alloys for use in gas turbine 
blades that the more important requirements for such materials are now widely 
recognized. They must have chemical stability to ensure resistance to corro- 
sion by hot combustion gases. A second requirement is stability of micro- 
structure at anticipated operating temperatures, to minimize the deterioration 
of mechanical properties during long exposure to elevated temperatures. 
Also, a high strength-weight ratio is desirable in alloys under consideration 
for gas turbine blades, since the stress causing creep in these parts is generated 
by centrifugal force. 


The high melting points and relatively low densities of the nickel-rich 
nickel-aluminum alloys, specifically of the intermetallic compound NiAl, 
suggested that an investigation of the creep properties of alloys based on the 
nickel— aluminum sy'stem might be worth while. The nickel aluminum phase 
diagram (1) is presented in Figs. 1 and 2. 

All the alloys to be dealt with in this paper were melted by high frequency 
induction in magnesia crucibles. Test bars were centrifugally cast into molds 
produced by the ‘Most wax” precision casting technique. 

All room temperature tensile tests were made on the Hounsfield tensometer, 
using the test-bar design shown in Fig. 3. All creep and stress-rupture tests 


* Manuscript received September 22, 1948, 

n-x- # h permission of the Director, Mines, Forests and Scientific Services Branch, 

Department of Minei and Resources, Ottawa, Canada, 

* ^ff^urgical E^ineer; Head, High Temperature Metals Laboratory, Physical Metallurgy 
Research Laboratories, Division of Mineral Dressing and Metallurgy, Bureau of Mines, Ottawa. 
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were obtained with the test bar design shown in Fig. 4. Note that one end 
of this bar is hollow, to promote directional solidification. 

The metal temperatures of the melts cast into the large test bars (see 
Fig. 4) were measured with an immersion platinum-rhodium thermocouple 
used in conjunction with a high speed potentiometer-type temp)erature 
recorder. 

The metals used in this work are listed in Table I, together with the analyses 
obtained from the suppliers. 


TABLE I 

Compositions of materials used 


Material 

Chemical analysis, % 

Nickel (electrolytic) 

Ni. 

99.9 


Cobalt (electrolytic) 

Co, 

99 5. 

Major impurity: Cu. 

Aluminum 

Al. 

99.5. 

Impurities: Fe, Mn, Si. 

Molybdenum 

Mo, 

99.5. 

Impurities: Mn, Si, Fe. 



Fig. 1. Nickel-aluminum phase diagram over complete range, {After Alexander and 
Vaughan {!).) 
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Fig. 2. Nickel-alumtnum phase diagram for the range of 75 to 100% nickel, {After 
Alexander and Vaughan (/).) 
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Fig. 3. Tensile bar for Iloun afield tensometer. 



Fig. 4. Precision cast i in. diameter creep test bar. 


System of Alloy Nomenclature 

With the exception of the preliminary group of four binar\ alloys of nickel 
and aluminum, all the alloys to be discussetl were made up of nickel, aluminum, 
and molybdenum. In order to facilitate the discussion of these alloys, the 
following nomenclature was devised. 

If the Ni : A! ratio *ind the amount of molybdenum present are stated, 
then the alloy is fully described. For example, let the Ni : Al ratio be 10 3 : 1 
and the amount of molybdenum present be 14 7%. Then the alloy is identi- 
fied by the expression 103M147. The letter “M” is included to indicate that 
the third element present is moly^bdenum. If the Ni : Al ratio is 7 . 6 : 1 and the 
molybdenum content is 8 2%, then the expression 76M82 identifies the alloy. 
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Nickel-Aluminum Alloys 

Table II lists the phase zone boundary limits in the nickel-rich portion of 
the nickel-aluminum phase diagram (see Figs. 1 and 2). These boundary 
limits are stated in terms of the ratio of nickel to aluminum. 

TABLE II 


Phase zone boundary limits below 950*’C. (1742^ F.) 
IN THE nickel-aluminum SYSTEM 


Ni : A1 ratio 

Phases present 

2.3 : 1 to 3.76 : 1 

NiAl solid solution 

3.76 : 1 to S.2S : 1 

NiAl + NijAl 

5.25 : 1 to 6.7 : 1 

NiiAl 

6.7:1 to 15.6:1 

NifAl + alpha solid solution 

Over 15.6 : 1 

Alpha solid solution 


Four binary alloys of nickel and aluminum, characteristic of the first four 
phase zones listed in Table II, were chosen as a starting point for this work. 
These alloys are listed in Table III. 


TABLE III 

Binary nickel-aluminum alloys 


Alloy 

Chemical analysis, % 

Ni : 

Al ratio 

Anticipated 

No. 

Nickel 

Aluminum 

Sought 

Obtained 

phases 

1 

73,08 

26.92 


2.7 : 1 

NiAl 

2 

83.19 

16 81 


4.9 : 1 

NiAl -f Ni,Al 

3 




5 6:1 

NiiAl 

4 


7.8 

■i 

11 8 : 1 

NiiAl + alpha 
solid solution 


Hounsfield tensometer test bars were cast and the room temperature mech- 
anical properties given in Table IV were determined. 


TABLE IV 


Room temperature mechanical properties of nickel-aluminum alloys 


Alloy No. 

Tensile strength, p.s.i. 

Averap;e 

elon^tion, 

Vickers 
hardness value 
(30 kgm. load) 

Average 

Maximum 

1 

Nil 

Nil 

Nil 

389 

2 

28,500 


« 

404 

3 

60,000 


« 

265 

4 

64,667 


18.3 

346 
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The properties listed in Table IV are shown plotted against the Ni : AI 
ratio in Fig. 5. It will be noted that Alloys 3 and 4 above, which on the basis 
of their Ni : Al ratio would not be expected to show any of the NiAl con- 
stituent, possess the most promising room temperature mechanical properties. 



Metallography of Nickel-Aluminum Alloys 
Figs. 6 to 11, inclusive, are photomicrographs showing the microstructurc 
of Alloys 1, 2, 3, and 4, respectively. Alloy 1, with a Ni : AI ratio of 2. 7 : 1, 
has only one phase, as would be expected. Alloys 2 and 3 have two phases. 
Alloy 2 has a Ni : Al ratio of 4.9 : 1, which indicates the presence of both 
NiAl and NisAl. Alloy 3 has a Ni : Al ratio of 5.6 : 1. Under equilibrium 
conditions this alloy should consist structurally of a single phase, NisAl. 
However, since all. the microstructures under consideration are of “as cast” 
alloys, the presence of two phases in Alloy 3 is not surprising. These two 
phases would be expected to be NiAl and NiaAl. 


Fig. 6 . Alloy No. 1, as cast. 
Al, 26.92%. 

Electrolytic polish, Vtlella's etchant. 

X200. 

Ni, 73.08%; 

Fig. 7. Alloy No. 2, as cast. 
Al, 16.81%. 

Mechanical polish, Vilella's etchant. 

X200. 

Ni,83.19%; 

Fig. 8. Alloy No. 3, a? cast, 
Al, 15.30%. 

Mechanical polish, Vilella's etchant. 

X200. 

Ni, 84.70%; 

Fig. 9. Same as Fig, 8. X750. 




Fig. 10. A^yNo, 4, asc^L Mechanical polish; etchant, ferric chloride plus hydrochloric 
aetd tn alcohol. X200. Ni, 92.2%; Al, 7,8%. 

Fig. 11. Same as Fig. 10. X750. 




I JIXVIJ 
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A comparison of the microstructures of Alloys 2 and 3, as shown in Figs. 7 
and 8, will enable us to establish the identity of these two phases. There is 
a dark-etching phase and a light-etching phase present. Alloy 2, which has a 
lower Ni : A1 ratio than Alloy 3, should be expected to have more of the NiAl 
phase than Alloy 3. Since there is more of the dark-etching phase in Alloy 2 
than in Alloy 3, it is assumed that this dark-etching phase in these structures 
is NiAl and the light-etching phase is NisAl. 

The Ni : A1 ratio of Alloy 4 indicates that it will consist structurally of 
two phases, alpha and NiaAl. Its microstructure, as shown in Figs. 10 and 11, 
indicates the presence of two phases. Most of the structure is characteristic 
of the structure obtained when a secondary phase precipitates from a primary 
solid solution owing to a shift in solubility with falling temperature. From , 
the position of this alloy in the nickel-aluminum system, it would be expected 
to freeze out largely as alpha solid solution and to precipitate NisAl on cooling 
below 1200® C. It is apparent, then, that the precipitated phase in this alloy 
is NisAl and that the matrix is alpha solid solution. 

Attention is drawn to the clear white areas visible in Fig. 10. According 
to Alexander and Vaughan (1), these are areas of NUAl that, on freezing, were 
the alpha-NisAl eutectic. They have shown that this eutectic cannot exist 
below 1370® C., owing to the increase of solubility of nickel in NiaAl that occurs 
between 1385® C. and 1370® C., which results in the disappearance of what little 
alpha has separated in the eutectic. The fact that some eutectic formed in 
Alloy 4 may be explained by the fact that sufficient segregation occurred 
during freezing to permit this formation. 

Nickel-Aluminum-Molybdenum Alloys 

The fact that molybdenum is a vital constituent of many high temperature 
alloys prompted a decision to investigate its influence on nickel-aluminum 
alloys. The program adopted involved preliminary tests at room temper- 
ature, to be followed by creep and creep rupture tests on such allo> s as proved 
castable and displayed promise from consideration of their room temperature 
properties. 

For a preliminary study of room temperature properties, these mol\ bdenum- 
modified alloys were divided into four groups, each group having a constant 
Ni : A1 ratio, so that, in effect, an attempt was made to study the influence 
of various molybdenum additions to the allots listed in Table III. Alloys 1, 
3, and 4 of Table III were the starting point for three of these groups. The 
fourth group was based on a Ni : A1 ratio of 19 : 1, w’hich represents a single- 
phase alpha solid solution alloy. 

These alloys are listed in Table V. F'ig. 12 shows the position of these 
alloys on the ternary nickel-aluminum-molybdenum triangle. This chart 
also contains the nickel-aluminum phase diagram (1) and the nickel-moly^b- 
denum phase diagram (2). 
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TABLE V 

Chemical analyses of nickbl-alhmimom-molybdenum alloys obtained 


Alloy sought 

Alloy obtained 

Chemical analysis, % 

Nickel 

Aluminum 

Molybdenum. 

30M44 

30M47 

71.24 

23.73 

4.72 

30M162 

30M149 

63.80 

21.24 

14.91 

30M250 

3SM202 

61.90 

17.90 

20.2 

30M350 

30M247 

56.65 

18.70 

24.65 

30M450 

29M386 

45.55 

15.83 

38.62 

30M550 

28M511 

35.95 

12.95 

51.10 

57M50 

54M39 

81.02 

15.04 

3.94 

S7M100 

57M106 

76.04 

13.36 

10.60 

57M1SO 

5SM1S6 

71.36 

13.07 

15.57 

57M2SO 

57M131 

74.0 

12.9 

13.10 

57M350 

59M320 

58.2 

9.8 

32.0 

57M450 

S7M384 

52.4 

9.2 

38.4 

57M550 

56M443 

47.3 

8.4 

44.3 

90M50 

1 90M53 

85.25 

9.48 

5.27 

90M100 

86M104 

80.2 

9.37 

10.43 

90M1S0 

130M177 

76.5 

1 5.83 

17.67 

90M2S0 

94M248 

68.0 

7.20 

24.80 

90M3S0 

89M357 

57.8 

1 6.5 

35.7 

190M50 

177M46 

90.5 

4.95 

4.55 

190M100 

165M105 

84.4 

5.10 

10.50 

190M150 

172M161 

79.3 

4.6 

16.1 

190M250 

185M255 

70.7 

3.8 

25.5 


Room Temperature Mechanical Properties of Nickel-Aluminum-Molybdenum 
Alloys 

Three bars from each of the alloy heats listed in Table V were pulled in room 
temperature tensile tests. The results are listed in Table VI. Vickers hard- 
ness values are also recorded in this table. 

The results of these tensile tests are summarized graphically in Fig. 13, 
which shows the influence of molybdenum on the tensile strength and hardness 
of alloys of several nickel-aluminum ratios. Evidently molybdenum is 
most effective as a strengthener when nickel and aluminum are in such a 
ratio that a binary alloy of nickel and aluminum would consist structurally 
of NijAl -1- alpha solid solution, or alpha solid solution alone (see Fig. 1). 


Metallography of Nickel-Aluminum-Molyhdenum Alloys , 

Figs. 14 to 21 illustrate the significant metallographic features of the alloys 
having the chemical and mechanical properties listed in Tables V and VI 
respectively. 

These photomicrographs should be interpreted with reference to the phase 
zone boundary limits set out in Table II. 




PHASE Pi 
InTVie Nh 
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TABLE VI 

Room temperature mechanical properties for nickel-aluminum-molybdenum alloys 


Alloy 

Tensile strength, p.s.i. 

Average 

elongation, 

% 

Vickers 

hardness value 
(30 kgm. load) 

Average 

Maximum 

30M47 


4,000 

Nil 

473 

30M149 


7,000 

(( 

488 

35M202 


15,000 

a 

412 

30M247 

17,700 

22,000 

a 

422 

29M386 

18,667 

25,000 

it 

453 

28M5n 

21.000 

23,000 

« 

481 

54M39 

64,000 

65,000 

it 

305 

57M106 

81,000 

90,000 

it 

411 

55M156 

68,500 

70,000 

it 

377 

57M131 

73,667 

82,000 

it 

387 

59M320 

62.000 

64,000 

it 

390 

S7M384 

44,333 

59,000 

it 

400 

56M443 

42,667 

49,000 

it 

402 

90M53 

51,000 

57,000 

it 

215 

86M104 

80,000 

83,000 

7 0 

253 

130M177 

132,333 

140,000 

10 7 

437 

94M248 

131,000 

136,000 

Nil 

406 

89M357 

105,000 

107,000 

it 

413 

177M46 

16,000 

17,000 

it 

94 1 

165M105 

35,000 

37,000 

ti 

231 

172M161 

71,000 

77,000 

16 0 

236 

185M255 

130,000 

130,000 

5 5 

391 
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KINSBY AND STEWART: A NMUMo CREEP RESISTANT ALLOY 


When the Ni : A1 ratio is 3 : 1, the alloy may be expected to be basically 
NiAl. The addition of molybdenum to such an alloy causes the formation 
of a second phase. This is shown in Figs. 14 and 15, which are the micro- 
structures of Alloys 30M149 and 30M247 respectively. 

In as-cast binary nickel-aluminum alloys with a Ni : A1 ratio of 5.7 : 1, 
previous work has shown that two phases, namely NiAl and NisAl, may be 
present. These phases have been tentatively identihed in Figs. 7 and 8. 
Based on this identification, it may be assumed that the dark-etching phase 
in the nickel-aluminum-molybdenum alloys having a Ni : A1 ratio of 5.7 : 1 
will be NiAl. The structures of typical alloys of this group. Alloys 57M106 
and 55M156, are shown in Figs. 16 and 17. 

The eutectic appearing in Alloys 57M106 and 55M156 is characteristic of 
the presence of molybdenum. This eutectic can be caused to disappear from 
Alloy 57M106 by heating to 1000® C. (1832® F.). It is therefore assumed that 
the presence of this eutectic in Alloy 57M106 in the as-cast condition is due to 
segregation on freezing, and that under conditions approaching equilibrium 
it will not occur in this alloy. 

In alloys of the 9:1 Ni : A1 ratio group, molybdenum again causes the 
occurrence of a characteristic phase. This is illustrated by Fig. 18, which is 
the microstructure of Alloy 94M248. (The NiAl phase is absent from this 
group of alloys.) As the molybdenum content increases, this phase becomes 
more massive, as is shown by Fig. 19, which is the microstructure of Alloy 
89M357. 

Alloys having a Ni : A1 ratio greater than 15 : 1 are structurally single- 
phase alpha solid solution up to at least 16% Mo; Fig. 20 is characteristic of 
this microstructure. At 25% Mo a second phase appears; this may be seen 
in Fig. 21. 

An attempt has been made tentatively to establish the identity of the phase 
that is associated with the presence of molybdenum. This identification is 
based on the work of Ellinger (2). 

It would appear that this phase, which occurs as a eutectic in Alloys 57M106, 
55M156, 94M248, and 89M3S7 (Figs. 16, 17, 18, and 19), and in a primary 
form in Alloys 30M149, 30M247 and 89M357 (Figs. 14, 15, and 20), could be 
the delta (NiMo) phase of the nickel-molybdenum system. 

On this basis, Alloys 30M149, 30M247, and 89M357 are all hypereutectic 
with respect to molybdenum, since primary NiMo is present. The absence 
of primary NiMo ii\ Alloys 57M106, 5SM156, and 94M248 would indicate 
that these alloys are hypoeutectic with respect to molybdenum. 

Summary of Metallographic Features 

1. The addition of molybdenum to alloys of nickel and aluminum causes 
the appearance of a characteristic phase tentatively identified as NiMo. This 
phase will occur in the primary form when the alloy is hypereutectic with 
respect to molybdenum and it will occur in the eutectic form when the alloy is 
hypoeutectic with respect to molybdenum. 
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2. The limiting molybdenum content at which the phase NiMo will occur 
varies with the nickel : aluminum ratio. 

3. The NiAl phase persists in the ternary alloys of nickel, aluminum, and 
molybdenum at nickel : aluminum ratios generally similar to those in the 
binary nickel-aluminum alloys. 

4. The presence of the NiAl phase has a marked weakening effect on the 
alloy and renders it less responsive to strengthening by additions of molyb- 
denum. 


Creep-rupture Properties of Some Nickel-Aluminum- 
Molybdenum Alloys at 815® C. (1500® F.) 

The alloys selected for creep-rupture tests are listed in Table VII. This 
choice was dictated by the wish to include a representative alloy of each of 
the groups shown in Table V. The molybdenum contents were chosen from 
consideration of the room temperature properties presented in Table VI. 
The cast test bars were of the design shown in Fig. 4. ^ 


TABLE VII 

Alloys sfxected for crefp-rupture studies 


Alloy 

Chemical analybis, % 

Nickel 

Aluminum ] 

Molybdenum 

30M250 

56 

19 

25 

56M100 

76 

15 


90M150 

76 

9 

15 

90M200 

72 

8 


190M250 

71 

4 

25 


The liquidus and solidus temperatures of these alloys were first measured 
as an aid in determining the proper casting temperature. Both the freezing 
curve technique, employing an immersion platinum-rhodium thermocouple, 
and the metallographic method were employed. Table VIII lists the results 
of these measurements. 


TABLE VIII 

Liquidus and solidus temperatures 


Alloy 

Chemical analysis, 

I % 

Freezing curve 
data 

Metallographic 

data 

Ni 

A1 

Mo 

Liquidus, 

®C. 

Solidus, 

®C. 

Solidus, 

•c. 

35M246 

58.6 

16.6 

24.6 

n 

1540 

Not determined 

76M151 

75.6 

16.9 

15.1 

KsB 



95M138 

79.0 

8.3 

13.8 


1360 

1325 - 1340 

106M217 

72.9 

6.9 

21.7 


1290 

1285 - 1300 

213M257 

72.4 

3.4 

25.7 


1270 

Not determined 
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On the basis of the data listed in Table VIII, a casting temperature of 
1650® C. (3002® F.) was chosen for all alloys but 30M2S0, for which a casting 
temperature of 1750® C. (3182® F.) was used. The temperature of the test- 
bar molds was held within the range of 649® to 677® C. (1200® to 1250® F.). 

All test bars cast were subjected to X-ray inspection as a final check on 
soundness. It was not possible to produce good test bars from Alloy 30M250. 
Two h(?ats were attempted. All bars of Alloy 30M250 produced contained 
shrinks and hot tears. This alloy was therefore eliminated at this point. 

The chemical analysis of the alloy heats that produced good test bars are 
listed in Table IX. 

TABLE IX 

Chemical analysis of alloys producing radiographically sound test bars 


Alloy 


Chemical analysis. 

% 


Ni 

A1 1 

1 Mo 

Fe 

1 

53M104 

mmm 

mim 


0.1 


90M158 




0.4 


95M255 




0.8 


258M252 

72.4 

2.8 


0.06 

mm 


All but two of the creep-rupture tests were carried out at 815® C. (1500® F.). 
The results of these tests are summarized in Table X. The elongation vs. 
time curves for Alloys 90M158 and 95M255 are presented in Figs. 22 and 23. 


TABLE X 

Summary of creep-rupfure tests at 815® C. (1500® F.) 


Alloy 

53M104 

Sirc'»b, 

p S.l. 

ElonKaOon 

on 

application 
of load, 

% 

Hours 

to 

rupture 

Total 

elongation, 

% 

Minimum 

creep 

rate, 

% per hr. 

Remarks 

29,948 

20 030 

0.82 

0.31 

1 

6 

11 

12j 




35,000 

— 

112 

0 5 

— 

Extensometers not functioning 

90M158 

29,945 

0.15 

285 

2 

0.0018 



27.440 

0.11 

664 

2.5 

0.0015 



40,000 

0.278 

100 

4.5 

0.033 



35,000 

— - 

352 

6 

— - 

Extensometers not functioning 

95M255 

35,000 

0.25 

236 

6 

0.012 

See note below* 


3O.0OO 

0.18 

556 

4 

0.0027 



27,600' 

0.21 

913 

3 

0.0022 



25,000 

0.15 

75 






258M252 

22,500 

0.12 

117 

1.5 

— 



13,500 

— 

442 

— 

— 

Extensometers not functioning 

95M255 

15,000 

Test temperature. 982* C. (1800* F.). Adapter bar broke in seven hours. Blong. i|%* 


• Note: After being stressed to ISfiOO p,s,i, at 982^ C. for seven hours, this bar teas used for 
a test at 815^ C. with a stress of 35,000 p.s.i. Between these tests the bar was unstressed and corned 
to room temperature. 
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Fig. 23, Creep-rupiure curves. Alloy No, 95M255 at 815 ® C, (1500 ® F,), 
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In certain tests, as noted in Table X, the extensometers were not functioning 
properly, and therefore no creep data are available from these tests. 

It will be noted that one test is reported on Alloy 9SM2SS at 982® C. 
(1800® F.), using a stress of 15,000 p.s.i. This test lasted for seven hours 
before the adapter bar broke, at which time the test bar had elongated 1 J%. 
This test bar was later put into test at 815® C. (1500® F.) under a stress of 
35,000 p.s.i. It lasted for 236 hr. as compared to the 352 hr. of a duplicate 
bar that had been tested in the as-cast condition at 815® C. (1500® F.) using 
a stress of 35,000 p.s.i. All creep data for 35,000 p.s.i. at 815® C. (1500® F.) 
for Alloy 95M255 were obtained from the bar that was first tested at 982® C. 
(1800® F.) and subsequently tested at 815® C. (1500® F.). 

The graphs shown in Figs. 24 and 25 summarize the results of the creep- 
rupture tests on Alloys 90M158 and 95M255 and compare these alloys with 
some of the existing standard and improved high temperature alloys. The 
chemical analyses of the alloys used for comparison purposes are listed in 
Table XI. These alloys are: a standard vitallium alloy, 30V-2(4) ; two modi- 
fied vitallium alloys, 73J(4), and X-63(3); and alloys S-816 and Inconel ‘*X”. 



Fig. 24. Graphical summary of creep-rupture tests at SIS'* C. (ISOO** F,) on alloys 90M158 
and 95M255t and comparison with other high temperature alloys. 

Fig. 24 is a graph of log stress vs. log rupture time. Fig. 25 contains two 
graphs, one showing log stress vs. log time to 0.5% total creep strain, and the 
other showing log stress vs. log minimum creep rate. 
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Fig. 25. Creep-rupture results and comparisons at 815** C. (1500** F.). 


As a further basis of comparison, it is interesting to consider specific gravity 
values of existing alloys and of Alloys 90M1S8 and 95M255. These data are 
included in Table XL 


TABLE XI 

Chemical analyses and specific gravity of comparative alloys 


Element 

Cast vitallium type 

Wrought 

90M158 

95M255 

73J 

X-63 

30V-2 

S-816 

InconerX”! 

% 

Cobalt 

60 

57.5 

69 

43 




Nickel 

6 



20 

73 

75.6 

66.5 

Chromium 

23 

25 

23 

20 

15 



Molybdenum 

6 

6 

6 

4 


15.8 

25.5 

Tantalum 

2 







Columbium 




3.5 

1 



Tungsten 




4.5 




Titanium 





2.5 



Aluminum 





0.7 

8.4 

7.0 

Iron 




4 max. 

7 

0.4 

0.8 

Manganese 




1.5 

0.5 



Silicon 


I 0.5 


0.5 

0.4 

0.24 

0.16 

Carbon 

0.75 

0.5 


0.35 

0.04 



Specific gravity 

* 

* 

8.30 

8.66 

8.3 

7.6 

8.0 


' Not available. 
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The data presented in Table XII indicate for the various alloys the stress 
to cause both rupture and 0.5% total creep strain in 100, 1000, and 5000 hr. 
In Table XIII the data are arranged on a basis of minimum creep rate. • 

TABLE XII 

Creep-rupture data at 815^0. (1500^ F.), summarized on a time basis 


Alloy 

100 Hr. 

1000 Hr. 

5000 Hr. 

Rupture 

0.5% Creep 
strain 

Rupture 

0.5% Creep 
strain 

Rupture 


Stress. 

p.s.i. 

Min. 

creep 

rate. 

% per 
hr. 

Stress. 

p.s.i. 

Min. 

creep 

rate. 

% per 
hr. 

Stress. 

p.s.i. 

Min. 

creep 

rate. 

%per 

hr. 

Stress. 

p.s.i. 

Min. 

creep 

rate. 

%per 

hr. 

Stress. 

p.s.i. 

Min. 

creep 

rate. 

%per 

hr. 

Stress, 

p.s.i. 

Min. 

creep 

rate. 

%per 

hr. 

73J(3) 

95M255 

90M158 

35.000 

40.000 

36.000 

0.035 

0.033 

0.0025 

Not a> 
29,500 
32.000 

railable 

0.0017 

0.0022 

1 

0.Q083 

0.0022 

0.0016 

Not a^ 
21,000 
21.000 

railable 

0.0012 

0.0014 




railable 

0.0007 

0.0006 


TABLE XIII 

Creep-rupture data at SIS^’C. (ISOO^'F.), summarized on a minimum creep rate basis 


Minimuin 

creep 

rate, 

% per hr. 

Alloy 73J(3) 

Alloy 95M255 

Alloy 90M158 

Stress, 

p.s.i. 

Hours to 
rupture 

Stress, 

p.s.i. 

Hours to 
rupture 

Stress, 

p.s.i. 

Hours to 
rupture 

0.05 

37,000 

56 

42,000 

70 



0.01 

29,500 

570 

35,000 

300 



0.005 

26,000 

2,000 

32.000 

400 



0.002 

22,000 

10,000 

26,000 

1,200 

32,000 

200 

0.001 

20,000 


20,000 

5,000 

22,000 

3,000 


Metallography of Creep-Rupture Test Bars 

The microstructures of the test bars produced from the alloys listed in 
Table IX are presented in Figs. 26 to 39. 

To reveal the complete microstructure of Alloy 53M104, as shown in Figs. 
26 and 27, a double etching technique was employed. An alcohol solution of 
ferric chloride and hydrochloric acid was used to bring out the light gray areas 
but this reagent alone would not clearly reveal the eutectic network. In 
order to bring out this eutectic network an electrolytic etch was employed, 
using an aqueous solution of sodium cyanide as the electrolyte. With this 
etch it was necessary to use care to avoid over-etching. About 5 to 15 secs, 
at 1 to 3 V. was adequate. Neither the electrolytic etch nor the acid etch 
alone revealed the complete microstructure. 
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Alloys 90M1S8 and 95 M 255 etched satisfactorily with the electrolytic 
technique alone (see Figs. 28 to 31 and 34 to 37). However, as a further aid 
in studying the phases present in these alloys and also in studying structural 
changes that took place during creep-rupture testing, Figs. 32 and 33 are 
included. These show the microstructure of Alloy 90M158 at 1500 diameters 
as revealed by a modified chrome-regia etch. 

It was found difficult to reveal the microstructure of Alloy 258M252 in 
a satisfactory manner. The reagent selected, nitric acid plus acetic acid in 
acetone, seemed to be the most effective. 

Discussion of Metallography as Related to Creep-Rupture Properties 

At this stage it is not possible positively to identify all phases revealed in 
the microstructure of the alloys studied. 

The electrolytic etch has shown that a phase that occurs in a eutectic manner 
is common "to Alloys 53M104, 90M158, and 95M255. This phase is attacked 
and darkened by this electrolytic etching. Figs. 26 to 31 and 34 to 37 will 
illustrate this point. The identity of this phase has previously been tenta- 
tively established as NiMo. 

It will be noted that the matrix of Alloy 53M104 (see Figs. 26 and 27) 
consists of a gray etching phase and a clear white phase. This gray phase is 
etched by the ferric chloride - hydrochloric acid etch and has been tentatively 
identified as NiAl. It is significant that this alloy, 53M104, which is the only 
alloy tested that contains this NiAl phase, yielded the poorest creep-rupture 
properties. A similar etching technique applied to Alloys 90M158, 95M255, 
and 258M252 failed to reveal a similar phase. 

The two alloys that gave the best creep-rupture performance* at 1500® F. 
possessed similar microstructures, as may be seen from Figs. 28 to 31 and 34 
to 37. This microstructure consists of: 

(a) The previously mentioned NiMo eutectic phase that is darkened by 
the electrolytic etch. 

(ft) Clear white areas usually associated with NiMo eutectic. By reference 
to Fig. 10, these areas are tentatively identified as NisAl and were originally 
the alpha-NisAl eutectic (1). 

(c) A mottled background that at a high magnification (see Figs. 29, 32, 
and 35) is seen to be a dark-etching, very fine network in a white background. 
The network is tentatively identified as NisAl and the background as alpha 
(see Figs 10 and 11). 

The clear white areas of NisAl are more numerous in Alloy 90M158 and the 
NiMo eutectic is more prevalent and continuous in Alloy 95M255 (see Figs. 
28 and 34). It is considered significant that these two microstructural 
features arc always associated with each other; this helps to confirm the 
possibility that the clear NiaAl areas are eutectic in origin. 
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Fu.. 26. Afloy 53Mt04, as cast. Etched five seconds in ferric chloride plus hydrochloric 
acid in alcohol, and 15 sec. electrolytically in 10% sodium cyanide at 3 v. Y.200. Ni^ 

74A)%;Ah 14 2\l; Mo, 10 1%. 

Fic;. 27. A Itoy 53MJ04, after creep-rupture test at 1500° F.for 27 hr. Etched five seconds 
in ferric chloride plus hydrochlorit acid in alcohol, and 15 sec. electrolytically in 10*'/^^ sodium 
cyanide at 3 v. X200. Xi, 7 /.<^%; Al, 14 2%; Mo, 10^4*’ ()• 

Fk;. 28. Alloy VO Ml 5h\ as cast. Electrolytic etch: 10% sodium cyanide at 3 v. X200.. 
Si, 75.6%; Al, S .4%; Mo, 15.8%. 

Fig. 29. Xame as Fig. 28. XI 500. 
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I*iG 32 Alloy 90 \J 158, as cast Etchant alcoholic chrome regui XI 500 
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After exposure to the temperature of testing at 815® C. (1500® F.) there is 
evidence that the NigAl network has coalesced. A comparison of Fig. 29 
with Fig. 31, and of Fig. 35 with Fig. 37, will illustrate this. 

Further to study the phases present in Alloys 90M158 and 95M255, various 
other etching reagents were employed. A modified alcoholic solution of 
chrome-regia seemed to be the most useful. The microstructures of Alloy 
90M158 (as developed by this reagent), both before and after creep-rupture 
testing, are shown at a magnification of X 1500 in Figs. 32 and 33. The NiMo 
eutectic phase that was darkened by the electrolytic etch was only outlined by 
the chrome-regia etch. The network structure shown in Fig. 29 has been 
brought out more clearly by this chrome-regia etch in Fig. 32. The effect 
on this network of prolonged exposure to a temperature of 815® C. (1500® F.) 
is well illustrated by Fig. 31. Here the coalescence of this network phase is 
unmistakable. 

The fourth alloy tested, 248M 252, is not of much interest since its properties 
were quite inferior. Its microstructure, as shown in Fig. 38, is largely single- 
phase, probably alpha solid solution, with small patches of a second phase 
which can be resolved into a eutectic-like appearance at high magnification. 
The microstructure is radically altered during creep-rupture testing, as may 
be seen in Fig. 39. From a study of Ellinger's work (2), this new phase in 
Fig. 39 would appear to be the nickel-molybdenum phase, gamma (NiaMo). 

General Conclusions 

It is evident that the work reported in this paper has provided the starting 
point for the development of an entirely new series of high temperature alloys 
based on nickel, aluminum, and one or more other elements, such as molyb- 
denum. 

There is evidence that the microstructure of these alloys may be used as a 
criterion of their usefulness, since any alloy containing an appreciable propor- 
tion of the phase NiAI would not be expected to be suitable. 

While most of the data presented are only the results of single melts and 
single tests, the indications are nevertheless quite promising. One of the 
alloys produced (95M255) compares quite favorably with the best of other 
known high temperature alloys. Alloys of this new series are readily melted 
by high frequency induction and present no unusual casting difficulties. 
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MEASURING THE SOLIDS CONTENT OF HONEY AND OF 
STRAWBERRY JAM WITH A HAND REFRAGTOMETER^ 

By Jesse A. Pearce* and Suzanne Jegard* 


Abstract 

A hand refractometer may be useful for routine insp^tion of the solids content 
of honey, and of strawberry jam containing added pectin. For 76 pairs of deter- 
minations on honey, 

y - 1 116x - 7 58, 

with a standard error of prediction of ±0.4%; for 116 pairs of determinations on 
the jam, 

y - 1 022* - 0 79, 

with a standard error of prediction of ±0 3%, where y is the per cent solids by 
the A.O.A.C. vacuum-oven method and * is the reading on the hand refracto- 
meter. A standard error of ±0 5% was observed for determinations by the 
vacuum-oven method, and of ±0 4% for determinations with the hand 
refractometer. 


Introduction 

The solids content of products such as honey and jam can be readily deter- 
mined by the vacuum-oven method (1, p. 582) or with an Abb6 refractometer 
(2). While neither method is suitable for field inspection, determinations 
using a hydrometer (3) have been reasonably satisfactory for inspection work. 
Since relatively inexpensive hand refractometers have provided a simple 
and rapid method of determining egg solids under field conditions (4), these 
laboratories were asked to calibrate a hand refractometer in terms of the solids 
content of honey, and of strawberry jam containing added pectin. This 
paper describes these calibrations. 

The Hand Refractometer 

The hand refractometer used in this work was manufactured by the Bausch 
and Lomb Optical Company, Rochester, New York. It is calibrated for sucrose 
solutions containing from 40 to 85% solids, and the scale can be read within 
±0.2% at solids contents of about 40% and within ± 0.1% at 80%. The 
refractometer is designed for use at 68® F. (20® C.) and has a correction ther- 
mometer attached, which is calibrated in per cent sucrose according to the 
temperature coefficient for the refractive index of sucrose solutions. 

^ JHanuscrt^ receioed October 27 ^ 1948. 

Contribution from the Division of Applied Biology ^ National Research Laboratories, 
Ottawa. Issued as Paper No. 222 of the Canadian Committee on Food Preservation and as 
N.R.C. No. 1885. 

* Biochemist, Food Investigations. 
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Application to Honey 

Since the temperature coefficient for the refractive index of sucrose solutions 
differs slightly from that for honey (0.00018 and 0.00023 respectively per 
degree Centigrade), readings on honeys of different solids content were com- 
pared at temperatures of 40®, 60®, 80®, and 100® K. (4®, 16®, 27®, and 38® C.). 
Table I shows that the correction thermometer on the instrument can be used 
with reasonable accuracy over this temperature range; but that vague lines, 
dividing the light and dark fields in the refractometer, interfered with the 


TABLE I 

Variation in hand refractometer readings, %, with temperature of honey 


Sample 

Solids, at various temperatures, ®F. 

40 

60 

80 


1 

99 

99 

99 

86.1 

2 

99 

99 

86 4 

86.1 

3 

99 

85 0 

85 0 

84.8 

4 

99 

84.3 

84.2 

84.1 

5 

99 

83.8 

83 8 

83.6 

6 

82 0 

82.1 

82.1 

81.9 

7 

81 4 

81.6 

81.3 

81.4 

8 

79.1 

79.1 

79.0 

79.1 

9 

78.6 

79.5 

79.3 

77.7 

10 

77.0 

77 2 

77 1 

77 2 

11 

76.7 

76.7 

76.4 

76.6 


9 Readings difficult, double line formed in refractometer, 

9 9 Line in refractometer too vague to permit a valid reading. 


measurement at 100® F. Temperatures between about 60® and 80® F. gave 
the best results and all further measurements on honey were made within these 
limits. 

Vague lines observed for concentrated honeys held at low temperatures 
were attributed to partial crystallization of the sugars. Comparative 
measurements on samples of fluid and crystalline honeys containing 75 to 80% 
solids showed that crystallized honey gave hazy lines in the refractometer 
and could not be used for this test. All further work was done on fluid honey. 

Tables relating solids content of honey by the A.O.A.C. vacuum-oven 
method and refractive index on an Abb6 refractometer have been published (2). 
These data were converted to readings on the hand refractometer at 68® F. 
to give the curve shown in Fig. 1. Honey was diluted to give a range of solids 
from 76 to 88%, determined by the vacuum-oven method, and the mixtures 
were examined in the hand refractometer. The results are given as points on 
Fig. 1; they show close agreement between the previous and present tech- 
niques, and support the use of the hand refractometer. 
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To assess the application of this instrument, the solids in 76 samples of 
honey obtained in routine inspections were determined by the vacuum-oven 
method and with the hand refractometer. The samples were obtained during 



Fig. 1 . Relation between solids in honey as determ ined by the A, 0. A . C. vacu u m~oven method 
and by the hand refractometer. 

Solid line — values converted from refractive indices in Ref, {2), 

Points — values determined in course of present study, 

1946 and 1947 from all Canadian provinces but New Brunswick and Prince 
Edward Island and were classed as white, golden, light amber, dark amber, and 
dark. Statistical analysis showed that, in general, the color of the honey 
and the year of production had little effect on the measurement, but that 
honey of the same color from different provinces gave equations that were 
significantly different. For example, the regression lines for golden honey 
from different provinces, shown in Fig. 2, are statistically different, but the 
maximum difference between the curves is about the same order as the standard 
error (±0.4%) of an equation for 76 samples, 

y = 1.116JC - 7.58 

where y is the per cent solids by the vacuum-oven method and x is the hand 
refractometer reading. 

Application to Strawberry Jam Containing Added Pectin 

The solids in fluid honey can be determined without preliminary separation, 
but the solids in jams are usually determined on a separated fluid that is as 
free as possible from suspended matter. In this work, separation was effected 
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by Straining juice from the jam through muslin bolting cloth No. 12XX 
(1, p. 381). The solids in the strained liquid were determined by the hand 
refractometer, and by the A.O.A.C. vacuum-oven procedure (1, p. 556), 
but using sand in the moisture tins (1, p. 557). 

Although the solid material in fluid separated from jam is primarily sucrose, 
the correction thermometer on the hand refractometer was checked by readings 
on_four jams, ranging in solids from 62 to 71%, at temperatures of 40®, 60®, 



Fig. 2. Relatum between soMs in g<Men honeys, by promnces, as determined by A.O.A.C. 
vacuum-oven method and by the hand rifractometer. 

80®,and 100® F. The averages were 66.8, 66.6, 66.3, and 67.0% at the four 
respective temperatures, with a necessary difference of 0 . 4%*. Consequently, 
a temperature range from 60® to 80® F. is recommended when using the hand 
refractometer for inspection work. 

To determine the error in either method and the relation between the two 
methods of measurement, 29 one-pound samples of strawberry jam with added 

* Ftve per cent level of statistical significance. 
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pectin were collected during routine inspections, and each sample was divided 
into four parts, which were placed in sealed containers. Single measurements 
of the solids content were made on different days on each part of each sample 
by both techniques. 

For the 116 pairs of measurements on these jams, which ranged from 61% 
to 72% in solids, the relation between the per cent solids by vacuum-oven 
method (y) and the hand refractometer reading {x) was 

y = 1.022^ - 0.79, 

with a standard error of prediction of ±0.3%. 

The vacuum-oven method, which is usually considered to be the reference 
method, had no greater accuracy than the hand refractometer. An examina- 
tion of the data for jams showed that solids contents were determinable by the 
vacuum-oven method with a standard error of ±0.5%, and by the hand 
refractometer with a standard error of ±0.4%. 
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THE FLUIDIZATION TECHNIQUE APPLIED TO DIRECT 
DISTILLATION OF OIL FROM BITUMINOUS SAND» 

By P. E. Gishler* 

Abstract 

The fluidized solids technique has been applied successfully to the flash distilla- 
tion of oil from Alberta bituminous sand on a laboratory scale. At 500® C. a 76% 
oil recovery was ol)tained. The remaining 24% produced approximately equal 
weights of coke and gaseous compounds. At temperatures below 460® C. trouble 
was experienced in maintaining a fluidized bed l^ecause of the slow rate of distil- 
lation. As temperatures were increased above 500® C. the > ield of oil decreased, 
with a corresponding increase in gas formation. 

Introduction^ 

The use of a fluidized solids bed as a process tool is expanding rapidly. Its 
chief value lies in its applicability to reactions where a uniform temperature 
and good heat transfer are required. In reactions requiring a catalyst, a 
tremendous surface area under controlled conditions is made available. 

The first extensive application has been in the catalytic cracking of oil (7). 
Here, the catalyst, in a finely divided state, forms the fluidized solids bed. 
The oil vapor to be cracked serves as the fluidizing agent. Another application 
has been in the calcining of limestone where the combustion gases fluidize the 
bed of lime (1), oil being fired directly into the fluidized bed. Recently, work 
has been published on its use in the distillation of oil from oil shale (8). Shale 
is a rocklike material that can be crushed and sized and in this respect it 
diflFers from Alberta bituminous sand, which consists of sand particles coated 
by a film of viscous bituminous oil. This exists in more or less firmly com- 
pacted beds of tremendous extent and considerable depth in an area bordering 
the Athabaska River in northern Alberta (5). Recently, an unusually rich 
deposit has been outlined in the Mildred Ruth Lake area (6). 

There have been a number of attempts at developing equipment that would 
recover the oil content of these sands by distillation methods (5). These have 
failed, owing mainly to the difficulties resulting from the sticky nature of the 
bituminous sand and its extremely low heat transfer coefficient. In a more 
successful approach to the recovery of oil from bituminous sand, hot water 
has been used as the separating medium. This method of separation, with 
different modifications, has been studied extensively, both on a laboratory and 
semicommercial scale. Comprehensive reviews have been published (2, 3, 4, 5). 

Fluidization 

The fluidization technique has made it possible to carry out certain opera- 
tions that would meet with difficulties in other conventional forms of apparatus. 

* Manuscript received November 15, 1948, 

Contribution from the Applied Chemistry Branch, National Research Laboratories, 
Ottawa, Canada, Issued as N,R, C, No, 1886, 

* Chemist, 
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A number of preliminary tests were therefore carried out in order to determine 
whether this technique could be successfully applied to the direct distillation 
of oil from Alberta bituminous sand. 

The first experimental fluidizing unit was simply a 2 in. glass tube, 2 ft. long, 
drawn to a cone at the bottom end and open at the top. This was wound with 
resistance wire and insulated, except for a narrow area at the front and back, 
which served as a window. A 6 in. depth of sand constituted the fluidizing 
bed. A stream of preheated nitrogen was passed upwards through the bed 
in an amount sufficient to keep the bed in vigorous agitation. Tests were 
carried out in the temperature range 400® to SOO® C. 

The object was to gain information on the rapidity with which the oil could 
be distilled from the bituminous sand and to study the behavior of lumps of 
bituminous sand of varying size and compactness when they were dropped 
into the hot fluidized bed. The following information was gained: 

(i) At 500® C. distillation was rapid. Heavy oil fumes were swept by the 
nitrogen stream out of the unit as soon as a lump was dropped into the 
bed, and fuming was completed in several seconds. The lumps, 
ranging in diameter from | in. to 1 in., appeared to disintegrate to indi- 
vidual sand grains immediately on entering the bed. Each grain was 
coated with a thin closely adhering film of coke. 

(ii) At 400® C. distillation was slower and the lumps fed to the still did not 
disintegrate as readily as at the higher temperature. Trouble was 
experienced with agglomeration. 

The results of these preliminary tests indicated that the problems of heat 
transfer and handling encountered in other types of direct distillation apparatus 
could be overcome in a fluidized bed. Apparatus was therefore built to permit 
a quantitative study of direct distillation by this method. This might be 
considered as one step in a two step method of oil production consisting of: 

(i) Flash distillation of oil in a fluidized bed, 

(ii) Burning of the coke from the residual sand to generate the necessary 
heat for the distillation step. 

Experimental 

The work reported here consisted of a series of direct distillations of bitu- 
minous sand carried out at different temj)eratures. The yields of oil, coke, 
and gas were determined. The following analyses were carried out on the oil: 
distillation, density, viscosity, and* total sulphur. 

The apparatus is shown in Fig. 1. It consisted of a cylinder of nitrogen, 
which served as the fluidizing gas, a nitrogen preheater, a still containing a 
fluidized sand bod) a trap, an electrical precipitator, and an activated charcoal 
tower with auxiliary steaming equipment. 

The still consisted of a stainless steel tube 3 ft. long and 2.5 in. in diameter, 
with a perforated plate 2.5 in. from the bottom to hold the charge and distri- 
bute the preheated nitrogen. A 1 in. tube welded to the plate served to draw 
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off the spent sand. Four thermocouples were placed as indicated. Three 
separate resistance coils surrounding the still supplied the required heat. 
The water cooled trap cooled the offgases and prevented any surge of dust from 



WATCH (TILL 


Fro. 1. Apparatus for direct distillation of bituminous sand in a fluidised sand bed. 


reaching the remainder of the collection system. About one-third of the heavy 
oil and a small amount of carbon and line dust were removed by the trap. 
The remainder of the heavy oil, which was in the form of a suspension in the 
offgas, was effectively removed by the electrical precipitator. The activated 
charcoal scrubber removed the light oil (mainly gasoline) and a part of the 
hydrocarbon gas fraction. This was recovered by steam distillation. 

At the start of a run sufficient spent sand from a previous run was poured 
into the still to form a bed depth of 6 in. Nitrogen preheated to the distil- 
lation temperature was introduced at a rate sufficient to fluidize the bed. 
Gas rates were measured by means of a rotameter. The heaters were turned 
on and when the desired temperature was reached bituminous sand was fed 
continuously into the bed from a worm feeder. A charge of about 3000 gm. 
was used for each run. The spent sand bed was allowed to build up to 10 in. 
and maintained there by periodic removal through the 1 in. tube. This 
flowed freely from the system when the gate valve on the tube was opened. 
The behavior and depth of the bed could be determined by observing the 
manometer indicated in Fig. 1. Feed rates were 2000 to 2500 gm. per hr., 
the lower rates being necessary at the lower temperatures. 

At the completion of a run the heavy oil was collected and measured. The 
light oil was steam distilled from the charcoal. The volatile fraction was 
caught in two liquid air traps placed in series. 
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Results 

The bituminous sand used for these tests had a bitumen content of 16%, 
which is higher than the average for the field. This was supplied by the 
Bureau of Mines and consisted of drill cores obtained from the Mildred Ruth 
Lake district near the Athabaska River in Alberta. This material, although 
mined about one year ago, had a fresh, unwcathered appearance. 

Tests have also been made on freshly mined coarse bituminous sand from 
the Bitumount area and on fine, badly weathered sand from near Waterways. 
The results indicate that percentage recovery of oil does not vary appreciably 
with variation in the physical condition or oil content of the sand. 

The results showing the influence of temperature on yields and physical 
properties are shown in Table I and Fig. 2. Yields are expressed as cubic 
centimeters of oil recovered per 100 cc. bitumen content in the bituminous 
sand feed. 


TABLE I 

Influence of temperature on oil recovery 


Run No. 

16 

15 

13 

10 

17 

11 

14 

12 

18 

Temperature, •€. 

425 

450 

460 

475 

500 

525 

565 

600 

700 

Bitumen in feed, cc. 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Recovery heavy oil, cc 

62 

68 

74 

71 

73 

61 

52 

33 

21 

Recovery light oil, cc 

2 

2 

2 

3 

3 

6 

9 

10 

10 

OU yield, vol % 

64 

70 

76 

74 

76 

69 

61 

43 

31 

Coke in aand, wt % 

— 

2 O* 

2 0 

2 0 

1 9 

1 8 

1 8 

1 7 

3 3 

Heavy oil analysis 
Specific gravity. 










60® F /60® F. 

965 

.975 

967 

971 

975 

978 

992 

1 058 

1 158 

Viscosity, centistokes, 










100® F. 

133 

249 

101 1 

137 

135 

66 

43 

41 

— 

32® F. 

6018 

11300 

2779 

4254 

4253 

1381 

699 

902 


Sulphur. % 

4 03 

4 41 

3 91 

3 88 

3 86 

4 08 

4 29 

5 00 

3 13 


* Coke demined on free flowing sand only, lumps screened out. 


Highest yields were obtained in the temperature range 460” to 500” C. At 
lower temperatures, distillation was incomplete and a properly fluidized bed 
was difficult to maintain owing to lumping up of the chai^. Above 500” C., 
cracking became progressively more severe, resulting in increased formation 
of light oil and gas. A temperature of 500” C. may be considered as the 
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Optimum when both ease of operation and yield are considered. Expressed in 
terms of bituminous sand of 16% bitumen content, 1 ton of bituminous sand 
will produce 0.7 bbl. of oil, free of water and solids. 



Fig. 2. Oil recovered from bituminous sand. 

The oil had a high specific gravity, was quite fluid at room temperature, 
and was high in sulphur. Suspended solids amounted to 0.1% by weight. 
Distillation data are given in Table II. 

TABLE II 

Distillation of heavy oil produced in fluid still 


Run No. 

16 

15 

13 

10 

17 

11 

14 

Initial boiling point, ®F. 

382 

415 

290 

380 

373 

300 

259 

5% recovered, ®F. 

513 

523 

164 

499 

474 

426 

405 

10% 

549 

558 

533 

553 

537 

603 

464 

20% 

587 

602 

599 

594 

591 

564 

529 

30% 

623 

619 

628 

614* 

613 

562* 

590 

40% 

637 

614 

640 

606 

626 


613 

50% 

647 

612* 

647 

594 

622* 


613* 


* Evidence of cracking. 


A sample of heavy oil produced in a run at 500® C., using bituminous sand 
from Bitumount, 55 miles north of Waterways, was distilled at 10 mm. 
pressure. The data corrected to atmo.spheric pressure are given in Table III. 


TABLE III 

Distillation of heavy oil at low pressure 
(CORRECIED TO 760 MM.) 


5% - 442* F. 

40% - 676® F. 

10% - 498 

50% - 745 

20% - 568 

55% - 752 

30% - 617 
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Two light oil samples were accumulated. Sample 1 included runs at 500® C. 
and lower. Sample 2 included runs at 565® C., 600® C., and 700® C. Distilla- 
tion data are shown in Table IV. 


TABLE IV 

Distillation of light oil 


Distillation 

Sample 1 

Sample 2 

Initial boiling point, ^F. 

97 

86 

5% recovered, ®F. 

104 

91 

10% 

U 

117 

131 

20% 

tt 

151 

163 

30% 

it 

181 

183 

40% 

tt 

201 


50% 

tt 

217 

217 

60% 

tt 

235 

234 

70% 

it 

255 


80% 

tt 

279 

273 

00% 

it 

324 

338 


Gas Formation 

Aside from the gasoline fraction, the activated charcoal also removed the" 
heavier gaseous hydrocarbons formed by cracking. On steam distilling of the 
charcoal, these were caught in two liquid air cooled traps. The volumes 
recovered, however, could not be used to determine gas production quanti- 
tatively because the efficiency of the charcoal absorber was not known. To 
determine gas yields the following apparatus was therefore set up (Fig. 3). 



Fig. 3. Apparatus to determine yield of gaseous products. 
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Steam was used as the fluidizing gas. This was produced at known rates in an 
electrically heated steam generator. The steam preheater, still, and trap 
were the same as used for the experiments described above. The trap and a 
large water cooled condenser removed the steam and the bulk of the oil. The 
light hydrocarbons and hydrogen passed through to a gasometer, where their 
volume was measured. Bituminous sand was fed at a known rate into the still 
so that gas production could be determined quantitatively. The temperature 
range 465® to 600® C. was studied. The results are shown in Fig. 4. 



Fig. 4. Gas formation due to cracking. 

Accurate and complete analyses of the gases were impossible under the 
conditions of the experiments, owing to high sulphide gas content. On a 
Burrell gas analysis apparatus, results varied considerably. These indicated, 
however, that the amounts of saturated and unsaturated hydrocarbons were 
about equal, amounting to approximately 40% each on a sulphide free basis. 
The hydrogen content was approximately 15%. 

The above described method of producing a petroleum distillate by direct 
flashing of oil from tar sands is believed to be a simplified approach to the 
problem of utilization of the bituminous sand deposits. The data presented, 
however, cannot be used to determine capacities or costs. These must await 
pilot scale operation data. A search of the literature would indicate that 
further data are also required on the various other methods of extraction that 
are under study, before a comparative analysis can be made. 
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THE WEATHERING CHARACTERISTICS AND ROT RESISTANCE 
OF COTTON DUCK TREATED WITH THE COPPER COMPLEX 
OF NITROSOPHENYLHYDROXYLAMINE» 

By C. H. Bayley* and 'Iuriel W. Weatherburn* 

Abstract 

Unbleached cotton tentage duck treated with the copper and copper-iron 
complexes of nitrobophenylhydroxylamine showed considerable resistance to 
rotting in soil burial tests but gave evidence of enhanced actinic degradation 
and loss of treating compound as a result of outdoor weathering for three months 
during the summer. With samples containing a higher concentration of the 
complexes this degradation was more severe. 

The efficacy of a number of organic compounds, capable of forming chelate 
copper complexes, in protecting cotton tentage duck from microbiological 
attack, has recently been examined by Illman and coworkers (5). In thi^ 
work, in which resistance to microbiological attack was measured by noting 
the ability of the treated fabric to withstand deterioration during soil burial, 
it was found that the copper complex formed with ammonium nitrosophenyl- 
hydroxylamine (‘"Cupferron”) conferred a high level of resistance. It has been 
shown previously (2) that the weathering characteristics of rot resistant treat- 
ments are of importance where the treated fabric is expected to withstand 
the effects of outdoor exposure. In this connection, the extent to which the 
treatment is removed by weathering, or tends to influence the actinic deteriora- 
tion of the fabric, is of considerable importance in assessing the merit of a given 
treatment. It was therefore of interest to examine in some detail the weather- 
ing characteristics of the copper complex of nitrosophenylhydroxylamine 
when applied to cotton duck. This has been done for (a) two concentrations 
of the complex (Samples A and D), (b) a mixture of the complex and a standard 
cuprammonium treatment (Sample 3), and (r) a mixture of the copper and 
iron complexes (Sample C). For purposes of comparison, the weathering 
characteristics of a sample of the duck carrying a standard cuprammonium 
treatment were also investigated (Sample E), The maximum copper content 
of the samples investigated was around 0.5% (Samples Ay By and /?), since 
this content of copper is similar to that used in commercial treatments. 

The samples were tested for rotproofness by the soil burial method before 
and after weathering by measuring the loss in breaking strength resulting from 
two and four weeks' burial. In addition, measurement was made of the loss 
of copper and of the increase in cuprammonium fluidity occurring during 
weathering. 

‘ Manuscript received November 1, 1948. 

Contribution from the Division of Chemistry, National Research Laboratories, Ottawa, 
Canada. Issued as N.R.C. No. 1891. 

* Chemtst. 
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Materials Used 

The fabric was an unbleached cotton tentage duck weighing 10 oz. 
per square yard, similar to that used in previous work (2). The Cupferron 
was obtained from Eastman Kodak Company. The copper acetate 
(Cu(C 2 . H802)2H20), copper sulphate (Q'^S 04 . SH 2 O), and ferric ammonium 
sulphate (Fe 2 (S 04)3 (NH 4 ) 2 . 24 H 2 O) were of technical grade. 

The fabric was wetted out in a 0.1% solution of technical sodium lauryl 
sulphate (Gardinol WA was used) and well rinsed in water. The treatment 
was then applied at room temperature by a two-bath process in which the 
fabric in the form of a loop was passed through an aqueous solution of Cup- 
ferron for 15 min. using the motor driven rubber covered rolls of a laundry 
wringer, and then through the solution of the metallic salt or mixture of salts 
for IS min. The impregnated fabric was rinsed for two hours in running tap 
water and air dried. The copper contents of the treated fabric were deter- 
mined as previously (3). It might be noted that the amount of copper fixed 
on the fabric by use of copper and iron salts plus Cupferron was considerably 
lower than that fixed by the same concentration of copper and iron salts plus 
soda ash, as used in another experiment (6). 

Test Methods 

The procedures for carrying out the leaching and burial treatments and for 
determining breaking strengths and cuprammonium fluidity were as previously 
used (1). The results of a statistical analysis of the breaking strength data 
indicated that for statistical significance at the 5% level with 10 breaks carried 
out on each sample, the necessary differences were as follows: leached samples, 
17 lb.; weathered samples, 10 lb.; samples leached and buried four weeks, 
211b.; samples weathered and buried two and four weeks, 16 lb. It was found 
that breaks occurring at the jaws of the machine gave lower and somewhat more 
erratic values than those occurring at some distance from the jaws; therefore 
“jaw breaks” were discarded and in those cases in which the full set of 10 
breaks was not obtained, owing to jaw breaks, a formula described elsewhere 
(4) was used to determine the significant difference between the various sets 
of specimens. 

The samples were exposed to outdoor weathering conditions on the roof 
of the National Research Laboratories, Ottawa, from 12th June to 12th 
September 1946. 

Data 

Table I gives the details of the treating solutions used and the copper con- 
tents and colors of the treated fabrics. Data for the weather conditions 
during the weathering period are given in Table II. The data for breaking 
strengths on weathering and on burial are given in Table III, and the increase 
in cuprammonium fluidity and decrease in copper content on weathering in 
Tables IV and V respectively. 
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TABLE I 


Concentrations of treating solittions and characteristics of treated fabric 




Treatment 

% 

copper on 
treated 
fabric 

Color of treated fabric 

Sample 

Bath No 1 

Bath No 2 

Munsell 

notation* 

I S.C.C.-N.B.S. 

Name** 

A 

Cupferron 2S gm / 
liter 

Copper acetate 20 gm /liter 

0 44 

6Y,7 7/1 6 

Yellowish gray 

B 

Cupferron 25 gm / 
liter 

Copper sulphate 100 gm /liter 
treated with ammonium hyd- 
roxide (28% NHt) until blue 
precipitate just dissolved 

0 52 

10Y.7 7/2 5 

Pale yellow green 

C 

Cupferron 25 gm / 
liter 

Copper sulpliate 87 gm /liter, 
ferric ammonium sulphate 93 
gm /liter 

0 13 

1Y.7 6/3 5 

Weak yellowish 
orange 

D 

Cupferron 5 gm / 
liter 

Copper acetate 20 gm /liter 

0 26 

6Y,8/2 

Weak yeUow 

E 

Cuprammonium 
solution (a^ in 
Bath 2 of Treat- 
ment B) 


0 57 

8GY8 2/1 0 

Light greenish 
grey 

* 

Munsell Book of Color, Munsell Color Co, Inc, 

, Baltimore, Md, (1942), 



*• Judd D. B, and Kelly K, L J. Research^ Natl, Bureau of Standards, 23, 355-385 (1939), 


TABLE II 

Weather conditions during exposure of samples 


Period 

. Mean daily temp., ®F. 

Rainfall, 

in. 

Bright 
sunshine, 
total hours 

Maximum 

Minimum 

June 12 

- June 15 

68 

47 

0.02 

48.6 

16 

22 

74 

51 

3 49 

62.3 

23 

29 

91 

62 

0 

83.7 

30 

- July 6 

81 

62 

0.37 

87.9 

July 7 

13 

80 

58 

0.88 

75.5 

14 

20 

86 

55 

0.04 

71.2 

21 

27 

82 

59 

1.57 

46.3 

28 

- Aug. 3 

86 

57 

0.44 

5K8 

Aug. 4 

10 

91 

59 

2.25 

67.1 

11 

17 

79 

62 

0.11 

46.4 

18 

24 

77 

52 

1.10 

26.5 

25 

31 

77 

48 

0.44 

38.4 

Sept 1 

- Sept. 7 

74 

48 

0.10 

57.9 

8 

12 

72 

50 

0.49 

26.3 

Average 


80 

55 



Total 




11.30 

789.9 


















Effect of weathering and burial on breaking strength 


BArUBtr AND WBATBBRBUItN! SOT SSStSTANCB OS COTTON DUCK 


IIS 


Breaking strength loss, % 

L 

24 hr. 

buried 
8 wk. 

73 

80 

25 

88 

88 

100 

Buried for 

4 wk. after 

W 

3 mo. 

100 

94 

100 

100 

74 

100 

L 

24 hr. 

CO 00 >0 O 

^ ^ ^ O 

Buried for 

2 wk. after 

W 

3 mo. 

45 

42 

91 

66 

50 

84 

L 

24 hr. 

+1 

+1 

4 

+6 

+8 

100 

W 

3 mo. 

2 2 2 S 3 a 

fO 

Breaking strength, lb. 

Leached 
24 hr. 
buried 
8wk. 

44(3)* 

32(4) • 

120(4) • 

20(3)* 

18(5)* 

Buried for 4 
weeks after 

W 

3 mo. 

0 

10(9) 

0 

0 

42(10) 

0 

16 

L 

24 hr. 

142(8) 

84(10) 

152(9) 

135(9) 

127(9) 

0 

21 

Buried for 2 weeks 
after 

W 

3 mo. 

90(10) 

94(10) 

15(10) 

55(8) 

81(9) 

25(9) 

16 

L 

24 hr. 

166(4)* 

163(3)* 

155(4)* 

172(5)* 

174(3)* 

0 

W 

3 mo. 

98(10) 

98(9) 

96(6) 

107(9) 

90(10) 

116(6) 

10 

Orig. 

leached 

164(9) 

162(10) 

161(8) 

163(9) 

161(9) 

159(7) 

17 

Treatment 

A, Cupferron (25 gm. /liter 
soln.) + copper 

B, Cupferron (25 gm. /liter 
soln.) + cuprammonium 

C, Cupferron (25 gm./liter 
soln.) + copper + iron 

D, Cupferron (5 gm./liter 
soln.) + copper 

E, Cuprammonium 

Untreated 

Necessary difference in av. 
of 10 breaks for signi- 
ficance at 5% level 


• Total possible t five breaks. Note: — Figures in parenthesis represent the number of **good** breaks on which the average has been based, jaw breaks 
being discarded. 

L - Leached, W - Weathered, 
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TABLE IV 


Increase in cupraiimoniuh fluidity on weathering 



Fluidity (reciprocal poises) 

1 reatinent 

Original 

Weathered 

Increase on 
weathering 

A. Cupferron (25 gm./Iiter soln.) + copper 

2.3 

19.7 

17.4 

B. Cupferron (25 gm./liter soln.) + cup- 

3.6 

18.5 

14.9 

rammonium 




C. Cupferron (25 gm./liter soln.) + copper 

2.7 

26.3 

23.6 

+ iron 




D. Cupferron (5 gm./liter soln.) + copper 

3.1 

20.3 

17.2 

E. Cuprammonium 

3.1 

19.9 

16.8 

Untreated 

3.4 

12.5 

9.1 


TABLE V 

Decrease in copper content on weathering 


Treatment 

Copper content, % 

Copper loss 
on weathering, 
% of orig. 

Original 

Weathered 

A. Cupferron (25 gm./liter soln.) -h copper 

0.44 

0.06 

86.3 

B. Cupferron (25 gm./liter soln.) cup- 

0.52 

0.08 

84.5 

rammonium 




C. Cupferron (25 gm./liter soln.) + copper 

0.13 

0 

100 

4- iron 




D, Cupferron (5 gm./liter soln.) + copper 

0.26 

0 

100 

E. Cuprammonium 

0.57 

0.08 

85.9 


Discussion 

It will be seen that the application of the various treatments did not affect 
the breaking strength of the original fabric. 

On weathering, the Cupferron-metal treatments applied from 25 gm. per 
liter solutions of Cupferron (A, J3, and C) showed breaking strength losses of 
approximately 40%, considerably higher than the loss (27%) shown by the 
untreated sample. All the treated samples showed increases in cuprammon- 
ium fluidity which were considerably greater than that of the untreated 
fabric. These data indicate that the treated samples suffered considerable 
actinic degradation during exposure and it would seem that the extent of this 
degradation shown by the Cupferron treated samples was of the same order 
or greater than that resulting from the straight cuprammonium treatment. 






















BAYLBY AND WELATNERBURN: ROT RBSISTANCB OF COTTON DUCK 


117 


Substantial losses of copper occurred in all cases, there being complete loss 
of copper from the samples (C and D) having the lowest copper contents 
(0.13 and 0.26%). 

The resistance of all the treated fabrics to soil burial with preliminary 
leaching was considerable, that of the Cupferron plus copper-iron being 
considerable after eight weeks. 

Resistance of the weathered samples to soil burial for two weeks was shown 
by the samples containing the Cupferron-copper treatments (A, B, and D) 
and by the cuprammonium treated sample (E). The resistance of the samples 
treated with Cupferron-copper-iron and with the lower concentration of 
Cupferron-copper was considerably reduced by weathering, probably owing 
to the removal of copper. When compared with the sample treatcHl with 
cuprammonium alone, it will be noted that the breaking strength losses of the 
Cupferron-copper treatments applied from a 25 gm. per liter solution of 
Cupferron (A and B) are similar but that the Cupferron-copper treatment 
applied from a 5 gm. per liter Cupferron solution (D) produced a somewhat 
greater loss. The sample treated with Cupferron-copper-iron (C) showed a 
still greater loss. 

The increase in cuprammonium fluidity resulting from weathering was 
highest with the Cupferron-copper-iron treated sample, the increases shown 
by the other treated samples being of the same order. 

The loss of copper on weathering shown by the Cupferron metal treated 
samples was similar to or greater than that shown by the cuprammonium 
treated sample (£), the greatest losses occurring with the samples (C and D) 
which originally contained the smallest amounts of copper. 

It may therefore be concluded that the application to cotton duck of the 
ammonium salt of nitrosophenylhydroxylaminc followed by the precipitation 
of the copper chelate complex or of the mixed copper-iron chelate compound 
imparts considerable resistance to rotting as judged by the soil burial test, but 
that these treatments also cause an increase in the amount of actinic degrada- 
tion occurring in cotton duck on weathering as compared with that shown by 
untreated duck, this increase in degradation being of the same order as that 
produced by a cuprammonium treatment. The chelate copper complex does 
not show any greater resistance to weathering than does the standard cupram- 
monium treatment. 
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LABORATORY STUDY OF GERMAN BUNA S-3 CHEMICAL 

RUBBERS 

By J. W. L. Fordham,* A. N. O’Neill, » and H. Leverne Williams^ 

Abstract 

The German general purpose tire rubber, Buna S-3, differed from the chemical 
rubber produced in Canada. The study of the polymerization recipe used for this 
polymer centered around the role of the regulator in the system. The German 
technique resulted in a system in which the dilute solution viscosity of the 
polymer remained relatively constant during the reaction. It was found that 
this system could be duplicated in the laboratory using the equivalents of the 
German materials. Methods of analysis for diproxid in solution and in latex 
were investigated. It was observed that the diproxid disappeared very rapidly 
from the system and the regulating index was found to similar to that of 
tertiary amyl mercaptan and to lie between that of n-dodecyl and »*tetradecyl 
mercaptan when all were used in the Buna S-3 system. The polymers produced 
compared favorably with the German polymer as to molecular weight homo- 
geneity, response to heat softening, and other data. Substitution of tertiary amyl 
mercaptan in the Buna S-3 system resulted in a polymer very similar to that pro- 
duced using diproxid, and the reaction rate was increased nearly fivefold. The 
polymer prepared with diproxid and other regulators in this system seemed to be 
more homogeneous than those prepared by the Mutual formula. 


Introduction 

Copolymers had been prepared by Hofmann (9) but the true worth of 
copolymers was revealed in the appearance of Buna S, a copolymer of butadiene 
and styrene (18, 19, 20, 21). 

Buna S possessed reasonably acceptable properties but was exceedingly 
difficult to process. The practice arose, therefore, of heat softening the poly- 
mer before the final compounding (11). 

During the shortages of oleates and linoleates the industry had had to use 
paraffinic fatty acids entirely (0.5 part) and it was found that under those 
conditions the polymer was much tougher. This toughness could be overcome 
by adding a regulator, the one which they preferred being diproxid (2, 22, 23, 
25) (diisopropylxanthogen disulphide, 0.1 part). The polymer which was 
produced in quantity by such a system from 1943 on was known as Buna S-3. 
The copolymer was not only easier to process but the vulcanizates had superior 
physical properties. 

The recipe for Buna S-3 was somewhat similar to the Mutual formula used 
for GR-S, the wartime Canadian chemical rubber (10, 29, 33, 34). A com- 
parison between the two recipes is given in Table I. 

^ Manuscript recevoed in original form July 23, 1948, and, as revised, December 27, 1948, 
From the Physical Chemistry Research Laboratory, Research and Development Division, 
Polymer Corporation Limited, Samta, Ont, 

' Chemist, 

’ Formerly Junior Research Chemist, Present address: Department of Chemistry, Ohio 
State University, Columbus 10, U,S,A, 

^ Research Chemist, 
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TABLE I 

Comparison of Buna S-3 and GR~S recipes 



1 

Buna S-3 


GR-S 

Butadiene 

70 parts 


71.5 parts 

Styrene 

30 


28.5 " 

Water 

105 “ 


180.0 " 

Emulsifier 




Nekal BX (SA-178) 
Paraffinic fatty acid 

Sodium hydroxide 

4 5 " 

0 5“ 

0 3 “ 

S.F. soap flakes 

4.3 “ 

Regulator 




Diproxid 

0 1 “ 

Dodecyl mercaptan 

0.45 “ 

Initiator 



Potassium persulphate 

0 45 “ 


0 23 “ 

Shortstop* 1 




Phenyl-j3-naphth>Iaminc j- 

3 0 

Hydroquinone 

0 15 “ 

Antioxidant* J 

Coagulant* 


BLE 

1 5* 

Calcium chloride 

6 0 

Sodium chloride 

12 0 

Acetic acid 

Ferrous sulphate 

0 80 

0 12 

Sulphuric acid 

0 9 


* Based on 100 parts of copolymer. 


The ratio of styrene to butadiene was greater in the Buna S-3 system 
because the diproxid was added in portions as a solution in styrene and con- 
sequently some of the styrene had to be withheld from the reaction during 
the initial stages. The water content was considerably less. 

The emulsifier consisted of the Nekal BX, paraffinic fatty acid (C 12 — Cio) 
and sodium hydroxide. The Nekal BX was about 80% pure; the remaining 
20% was sodium sulphate — a desirable impurity which aided in preventing 
precoagulation during polymerization. The paraffinic fatt\ acid was added 
to assist in the processing of the rubber during subsequent compounding. 
Enough caustic was used to neutralize the fatty acid and to bring the pH 
of the water up to 11-12. 'Fhe pH would be high enough throughout the 
entire reaction to ensure a satisfactory rate. 

The regulator cu. S S CH, 

^col: -s— s— (!:oc^ 

CH,^ ^CIIj 

was added in three equal portions in a styrene solution at 0, 20, and 40% 
conversion. It disapi>eared much faster than did the dodecyl mercaptan (12) 
in the GR-S system and hence increment addition was a necessity if a uniform 
raw polymer viscosity was to be maintained throughout the reaction. 

The shortstop (stopping agent) used in the Buna S-3 system was phenyl-|8- 
naphthylamine. This compound was not as effective as hydroquinone, and 
consequently the residual unreacted monomers had to be removed immediately. 
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However, the phenyl-jS-naphthylamine acted as an antioxidant or stabilizer 
for the rubber also and was the preferred antioxidant when the rubber was 
to be heat softened. 

The coagulants used in the Buna S-3 system were different from those in 
the GR-S system. Calcium chloride was used in place of sodium chloride 
because the Nekal-emulsified latex was more stable than the soap-emulsified 
latex. Acetic acid was used in place of sulphuric acid because the former 
was volatile and disappeared during drying of the copolymer, leaving no 
residual acid to attack the cords and fabrics in the final manufactured product. 
Acetic acid coagulated polymers also heat softened more readily than did 
sulphuric acid coagulated polymers. The ferrous sulphate was used to catalyze 
the thermal breakdown. The coagulants and the latex had to be dilute 
enough to ensure complete coagulation and yet concentrated enough to ensure 
a large porous crumb suitable for rapid drying. 

The reaction was allowed to proceed at about 45° C. until a conversion of 
60% was reached, at which time the reaction was stopped by addition of 
phenyl-j8-naphthylaminc and the residual monomers were removed. The 
reaction required 30 to 36 hr. to reach 60% conversion compared with 12 to 
16 hr. at 50° C. required for the GR-S system to reach 72% conversion at 
which time the GR-S reaction is stopped. The Buna S-3 reaction was not 
allowed to go beyond 60% conversion because of gel formation. Some gel 
was formed even at this conversion, but it was very loose (swelling volume 
> 100) and broke down readily on milling or heat softening. 

More regulator was not used to give a lower Mooney rubber and make heat 
softening unnecessary because increasing the diproxid, while decreasing the 
Mooney, depreciated the physical properties in comparison with those of the 
underregulated, heat softened copolymer. 

Since many polymers became insoluble on coagulation and handling they 
used latex extraction to obtain solutions for precise measurements on their 
polymers. 

Techniques 

The polymerization reaction was carried out in 4- or 8-oz. bottles fitted with 
metal screw caps and suitable gaskets (14) to permit hypodermic syringe 
sampling (16), or in 32-oz. crown cap bottles fitted similarly. 

The monomers were pre-emulsificd with the emulsifier and water by end 
over end rotation of the bottles for one hour in a bath maintained at 45° to 
50° C. The resulting: emulsion had a pH of 12. After prc-cmulsification the 
initiator solution was injected into the bottles by means of a hypodermic 
syringe. Conversion was followed by hypodermic syringe sampling and 
determination of per cent solids. The regulator was added in varying amounts 
and at various conversions as a solution of diproxid in styrene. Bottles were 
removed periodically throughout the reaction, and aqueous solution of hydro- 
quinone (or styrene solution of phenyl-j8-naphthylamine) was added as a 
shortstop and final conversions were determined. 
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The following procedures were used to characterize the polymer. 

For the vistex viscosity (dilute solution viscosity by complete solution of 
latex in mixed solvents) a 1 ml. sample of latex was taken by means of a S ml. 
syringe. The sample was released into SO ml. of a rapidly agitated chloro- 
benzene-pyridine mixture (75 volume % chlorobenzene, 25 volume % pyri- 
dine). The solution was transferred to a 100 ml. volumetric flask and made 
up to the mark. A clear solution was obtained after the mixture had been 
allowed to stand IS min. The samples did not need to stand longer than the 
time for the above manipulations in order to come to equilibrium. This 
solution was filtered through glass wool. The concentration was determined 
by evaporating 20 ml. to dryness and weighing the residue. The weight of 
residue was corrected for nonrubber solids in those experiments so designated. 
Viscometric flow times were determined at 30° C. on the original solution and 
on two dilutions with the above solvent mixture. For a blank or ‘‘pure 
solvent” flow time the above procedure was repeated using a sample from a 
bottle containing an unreacted Buna S-3 emulsion containing all ingredients 
with the exception of the potassium persulphate. 

For the determination of these ‘‘three point” viscosities a modification of 
the Ubbelohde type viscometer was developed. This modification consisted 
of replacing the small 15 ml. reservoir bulb of the viscometer with a 100 ml. 
bulb. This permitted all dilutions to be made in the viscometer and eliminated 
the necessity of rinsing it after each determination. 

The following designations were used : 

Speafic vistex t.„ - , - 1 

Vistac [i.1 = lim 

C-+0 C 

in which C is in concentration in grams per 100 ml. of solution and t is flow 
time in seconds. If instead of flow times the kinematic viscosities were used 
the extrapolation gave the intrinsic vistex viscosity [»;,]. Later the method 
was modified by using 80/20 benzene/isopropanol mixture and finally modified 
again by using the 80/20 benzene/isopropanol mixture but diluting with 
benzene rather than with the mixture. The latter method gave the true 
intrinsic viscosity or intrinsic flow time. Direct extraction of the latex 
with benzene or cyclohexane did not achieve satisfactory results but was 
sufficiently promising to suggest further development. 

To determine the intrinsic flow time and gel content of the dry polymer 
the remainder of the latex from each bottle, containing 1.5% antioxidant 
based on the polymer present, was steam distilled at atmospheric pressure to 
remove the unreacted monomers and the latex coagulated with a calcium 
chloride - acetic acid - ferrous sulphate mixture. The resulting polymer was 
washed, and dried at 190® F. for 30 min. From 0 . 2 to 0 . 4 gm. of the polymer 
was weighed accurately and added to about 80 ml. of purified benzene. After 
standing in the dark for 24 hr. the volume was made up to 100 ml. The 
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solution was filtered through glass wool and the concentration determined by 
evaporating 20 ml. to dryness and weighing the residue. Per cent gel (benzene 
insoluble) was calculated. Flow times were determined for the original 
solutions and for two dilutions with benzene. The following designations 


were used: 


e -c -1 . . . t solution 

Specific flow time = r-r 

^ t benzene 


- 1 


Intrinsic flow time [/] = Hm • 

c-»o C 


If instead of flow times the kinematic viscosity is used then the extrapolation 
gives intrinsic viscosity [ri]. 

Diluting the vistex mixture with benzene also allowed extrapolation to 
zero nonsolvent, i.e., gave the true intrinsic viscosity, as shown in Table II. 

TABLE II 

Comparison of viscosity and vistex viscosity results 


Sample 

No. 

Vistex 

Dilute solution 
viscosity in 
benzene 

Diluting with benzene/ 
isopropanol mixture 

Diluting with 
benzene alone 

1 

2.18 

2.85 

2.83 

2 

2.17 

2.84 

2.88 

3 

2.20 

2.83 

2.79 

4 

2.30 

2.96 

2.96 

5 

1.95 

2.68 

2.54 

6 

2 25 

2.96 

2.96 


This technique shortened the time for determination of intrinsic viscosity to 
about one hour and was much more convenient than the usual technique. 
More detailed studies of vistex (15) and viscosity (4, 32) have been published 
recently. 

The swelling index was the weight of swollen gel divided by the weight of 
the gel. 

An analytical method suitable for the analysis of diisopropyl xanthogen 
disulphide in latex was highly desirable in order that the rate of disappearance 
of this compound during the polymerization could be studied. Three methods 
of analysis for diproxid were tried. 

The first method was reduction of diproxid in an alkaline solution with zinc 
dust and titration of the resulting xanthate with iodine. 

Results using this method indicated that the recovery was excellent from 
pure solutions, varying from 97 to 99%. Recoveries of dipro^d from latex 
varied from 102 to 107%. These recoveries were possible only when the 
amount of diproxid under analysis was between 10 and 100 mgm., an amount 
much greater than likely to be met in an analysis of a Buna S-3 latex. 
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Treatment of diproxid in alcohol solutions with potassium cyanide yields 
the monosulphide and potassium thiocyanate (3, 31, 41). The latter may be 
determined either colorimetrically by means of the ferric thiocyanate reaction 
or by oxidation to the sulphate with excess iodate and back titration of the 
iodate with thiosulphate. 

The Klett-Summerson colorimeter was calibrated with standard potassium 
thiocyanate solution and with standard solutions of diproxid. For low con- 
centration the results obtained by this method showed an excellent recovery 
(90 to 100%) and a high degree of reproducibility for amounts greater than 
1 mgm. 

The third method used the polarograph and was suggested and developed 
by Kolthoff*. 

The arrangement of the polarographic cell is shown in Fig. 1. A Model XII 
Heyrovsky recording polarograph was used. 



Two samples of diproxid were available, B.F. Goodrich Chemical Company 
diproxid (rccryslallized twic'e from ethanol, m.p. 57® to 58° C.) and a sample 
obtained from Germany (recrystallized twice from ethanol, m.p. 57° C.). 

Results are shown in Table III. Current readings are in galvanometer 
scale divisions calculated to the highest sensitivity. 

The diffusion current was not directly proportional to the concentration of 
diproxid, but not sufficiently irregular to render a calibration curve difficult. 

* Private communication through Office of Rubber Reserve, 
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TABLE III 

POLAROGRAPHIC DATA 


Concentration of 
final solution 
Molar 

Residual 

current, 

IR 

Diffusion current, 
ID 

ID - 

IR 

ID - 
C 

IR 

B.F. Good. 

German 

B.F. Good. 

German 

B.F. Good. 

German 

3 70 X 10-^ 

86 

465 


379 

424 

1 02 

1 14 

1 8S X 10-* 

86 

255 

290 

169 

204 

0 91 

1 10 

0 74 X 10-* 

86 

145 

160 

59 

74 

0 80 

1 00 

3 70 X 10-‘ 

86 


124 


38 


mSm 

2 59 X 10-* 

86 


112 


26 


Bin 

1 85 X 10-* 

86 




24 


Bin 

1 48 X 10-* 

86 


104 


18 


rnSm 

1 11 X 10-* 

86 


101 


15 



0 74 X 10-* 

86 


95 


9 


1.21 

3 7 X 10-* 

86 


90 


4 


1 08 


The results also showed that the German diproxid registered up to 1/4 greater 
diffusion current for the same weight concentration. This can only be inter- 
preted as due to difference in purity of the two compounds. The following 
analytical data would also indicate a difference in purity of the two samples of 
diproxid. 



B. F.* Goodrich 

I. G. Farben. 

Calculated 

M.p. 

57-58 5° C. 

57 0° C. 

— 

Carbon 

36.03 

35.74 

35 56 

Hydrogen 

5 77 

5 46 

5 18 


However, the two samples were judged to be essentially identical with respect 
to regulator action as shown later. 

Experimental 

Diproxid Disappearance 

In order to obtain the rate at which diproxid disappeared during the poly- 
merization, 0 4 or 0.5 part of diproxid, all added initially instead of 0.09 
part added in three increments, was used. This larger amount was used 
since none of the analytical methods were sensitive enough for small amounts. 
Diproxid analyses obtained using the colorimetric procedure outlined above 
gave the results shown in Fig. 2. 

Curves A are the time-i'onversion curves, the upper obtained at 45® C. and 
the lower at 50® C. The corresponding residual diproxid disappearance curves 
{B) indicate that the rate of disappearance is quite rapid. Only a very small 
amount remains after 20 to 25% conversion. There is some suggestion that 
the rate of disappearance is increased by increased temperature (lower curve). 
If the rate of disappearance is first order these results would be applicable at 
lower concentrations of diproxid as well. 
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Comparison of German and American Regulators 
Tables IV and V show the polymerization data obtained at SO® C. and at 
45® C. Table V also shows a comparison of the I. G. Farbenindustrie and 
B. F. Goodrich Chemical Company samples of diproxid. No vistex viscosity 



Fig. 2. Diproxid disappearance in the Buna S~3 system; {A) time-conversion^ (J5) residual 
diproxid- conversion, • S oz. hoUle^ 3.10 parts Nekal, 1.4 parts NoiSOa , 45** C, ■ 32~oz, 
boUle, 4.00 parts Nekal^ 0.7 parts NafSOi , SO* C. 


TABLE IV 

Buna S-3 polymerization at 50® C. 

(0.09 part of diproxid added in increments of 0.03 part at 13, 30, and 45% conversion) 


Time, hr. 

Conversion, % 

[t.\ 

. It] 

Gel, % 

5.5 

13 2 

2.30 

4.75 

14.4 

10.5 

25.2 

2.30 

4.10 

25.8 

15.75 

37.2 

2.30 

3.60 

26.1 

22.75 

51 0 

1.90 

2.50 

26.4 

30.0 

65.0 

1,30 

1.50 

55.5 


data were determined on this series (Table V) but Table VI shows the vist6x 
results obtained on an identical group. It is evident that the regulating 
activities are essentially identical. The results are much more consistent 
when the vistex viscosity is used rather than the dilute solution viscosity. 
In general, too, the rate of conversion is slow and the viscosity decreases 
with increasing conversion as the gel increases. 
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TABLE V 

Polymerization at 45* C. 

(0.09 part of diproxid added in increments of 0.03 part at 13, 30, and 45% conversion) 


Time, 

hr. 

Conversion 


Gel 

German 

Goodrich 

German 

CkxKlrich 

(German 

(Goodrich 


diproxid 

diproxid 

diproxid 

diproxid 

diproxid 

diproxid 

5 

7.2% 

7.2% 

4.70 

4.25 

5.5% 

6.0% 

13 

19.5 


4.85 

5.50 

17.5 

8.0 

20 

30.6 


3.00 

4.70 

61.5 

11.0 

29 

41.7 

43.7 

3.15 

2.25 

23.0 

49.5 

34 

49.8 

49.8 

3.80 

2.95 

9.5 

4.0 

41 

59.2 

59.2 

2.50 

2.70 

5.0 

35.5 


TABLE VI 

Polymerization at 45® C. 

(0.09 part of diproxid added in increments of 0.03 part at 13, 30, and 45% conversion) 


Time, 

hr. 

Conversion 

[M 

German 

diproxid 

Goodrich 

diproxid 

German 

diproxid 

Goodrich 

diproxid 

8.5 

13.6% 

13.6% 

3.90 

3.90 

13.0 

21.0 

22.0 

3.20 

3.30 

20.0 

29.0 

29.0 

2.90 

2 95 

26.5 

39,0 

39.5 

2.55 

2.60 

34.0 

48.0 

51.0 

2.20 

2.20 

41.75 

58.0 

58.0 

1.90 

2.10 


Polymerization Data 

Figs. 3 and 4 and Tables VII and VIII record the polymerization data 
obtained in investigating the possibility of observing a constant vistex value 
throughout the reaction. These data were obtained by varying the time and 
amounts of regulator increments. Fig. 3 gives the data for an unregulated 
system. Curve A is the time-conversion curve and Curve B the viscosity- 
conversion curve. The latter can be seen to reach a peak at about 10% 
conversion. The former is S-shaped. Fig. 4 gives the data for a system in 
which various amounts of diproxid were added at 13% conversion, and 0.06% 
diproxid at 8% conversion; before the peak of the vistex-conversion curve 
was reached. An additional 0.03% was added at 33% conversion. Of the 
lower pair, Curve A is the time-conversion curve for the first series and 
Curve B for the second experiment. Of the upper pair, Curve A is the 
viscosity-conversion curve for the first series and divides into three branches. 
Branch 1 resulted from 0.015% diproxid at 13% conversion, branch 2 from 
0.030% similarly, and branch 3 from 0.060%. On the other hand, the 
addition of 0.06% at 8% conversion and 0.03% at 33% conversion resulted 
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Fig. 3. Polymerisation carried to 60% conversion with no regulator present; {A) time- 
conversion^ (B) viscosity-conversion. 


3 

CON V. 91b 


Fig. 4. j^ect of time and amount of diproxid addition. Curves {A) diprooM added at 
iJ% conversion; branch (i) 0.015%; branch (£) 0 .030%; branch (J) 0.060%. Curves (B) 
0.060% at 8% conversion and 0.030% at 33% conversion. Lower curves^ time-conversion; 
viscosity^onversion. 
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in Curve B, which is considered reasonably constant although lower than 
desirable. It can be seen that the viscosity remains quite constant to 42 . 5% 
conversion in the latter case. 

The latex of the polymers of 38 and 42 . 5% conversion (Fig. 4, Curve B) 
were divided into two samples each. One-half of each was coagulated with 
isopropanol and dried in vacuo for two hours. The remaining portions of each 
were coagulated with calcium chloride and acetic acid. Antioxidant was 
added before coagulation (1.5% BLE based on polymer by weight). The 
polymers were dried in a hot air oven at 190® F. for 30 min. All polymers 
showed 100% solubility in benzene. The polymers obtained by coagulation 
with isopropanol exhibited identical [/] values of 4.00 while those coagulated 
with calcium chloride and acetic acid possessed a lower value of 3 . 50. These 
data indicate the high molecular weight of the polymer and the effect of the 
type of coagulation on the molecular weight of the resultant dry polymer. 

In the next three series each sample was an individual 8-oz. charge. The 
data are collected in Table VI 1 . From these it can be seen that rate of reaction 
at 45® C. is about 2% conversion per hour. The vistex viscosity using benzene/ 
isopropanol solvent is somewhat lower than the dilute solution viscosity of 
the same sample, and the vistex viscosity in chlorobenzene/pyridine solvent 
approximates the dilute solution viscosity. The dilute solution viscosity- 
conversion curves are not as horizontal as desired. The gel content of the 
coagulated sample was not consistent but was low usually. 

The polymers for viscosity studies coagulated by the special alcohol tech- 
nique were treated under as nearly as possible air-free conditions. The 
stopped but unslabilized latex was released into ethanol through which nitrogen 
had been bubbled, and the syringe weighed before and after in order to obtain 
the exact weight of polymer transferred. The nitrogen was bubbled through 
until the rubber had been thoroughly washed, the ethanol was drained off, the 
tube closed with a glass stopper and the sample dried by evacuation of the 
chamber at room temi)erature. As soon as the sample was dry it was removed 
from the screen and added directly to benzene. A check on the subsequent 
concentration of rubber in the benzene solution indicated no appreciable loss 
of material. 

When the polymerization was carried out in 32-oz. bottles the samples 
represented small amounts withdrawn by syringe. The data are in Table 
VIII. Most of the final samples were stabilized with three parts of phenyl-jS- 
naphthylamine added as an emulsion or in styrene solution, and were coagu- 
lated with calcium chloride - acetic acid - ferrous sulphate coagulant, and 
the Mooney was determined. Half of the sample was then heat softened in 
a Dictert Moisture Tester at 140® C. for 90 min. and the Mooney determined 
again as was also the gel, dilute solution viscosity, and swelling index. These 
results are in Table IX and include similar data for a sample of German Buna 
S-3. The calculated intrinsic viscosities were based upon the work of Back (1) 
from which the results for natural rubber are quoted. 
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TABLE VII 
Polymerization data 


Sample 

No. 


Time, 

Conv., - 

hr. 

% 


Vistex 


Chloro/ Benzene/ 
pyridine isoprop. 


It] 


Gel,% 


Comment 


A, Dtproxtd: 0 06 at 6% conv ,0 03 at 45 5% conv,, 45^ C, 


0 

o 

d 

0 0 

0 00 

0 00 

Rl 

0 0 

Hydroquinone (HQ 

0 17/100 mon. 

1 

4 0 

4 7 

5 35 

3 85 


0 0 

BLE 1 S/100 rubber 

2 

8 0 

14 2 

3 25 

2 95 

HIiih 

0 0 

3 

12 1 

25 2 

3 00 

2 75 


0 0 

1-3 Brine-acid coag. 

4 

16 0 

34 1 

4 00 

3 40 

3 60 

2 0 

4-8 CaCli-HOAc 







7 0 

coag. 

5 

19 9 

42 9 

4 05 

3 60 

4 40 


6 

24 0 

50 2 

— 

3 40 

3 05 

30 0 


7 

28 0 

59 7 

2 65 

2 60 

2 40 

42 0 


8 

33 5 

68 3 

2 20 

2 35 

1 55 

65 5 


B Dtproxtd* 0 06 at 10 8% conv,, 0 03 at 38 9% conv , 45^ 

C, 


0 

0 0 

0 0 


0 00 


0 0 

HQ 0 17/100 mon. 

1 

3 0 

5 3 


6 00 


0 0 

BLE 1 5/100 rubber 

2 

6 0 

12 2 


3 95 

3 60 

2 5 

3 

9 5 

20 4 


4 30 

4 75 

9 0 

1-6 CaClr-HOAc 
coag. 

4 

12 0 

24 6 


3 55 

4 30 

10 0 

5 

15 0 

33 6 


3 70 

4 40 

8 0 


6 

18 0 

40 2 


3 60 

4 40 

7 5 

7-8 Isopropanol coag. 

7 

21 0 

49 0 


3 55 

4 30 

2 0 

8 

24 0 

56 7 


3 10 

3 05 

57 5 



C. Dtproxtd: 0 03 atO 0, 12 8^ and 24 4% conv,, 45"* C 


0 

0 0 

0 0 


0 00 

0 00 

0 0 

HQ 0 17/100 mon. 

1 


3 0 


2 00 

1 50 


Coag. and dried by 

2 


7 3 


3 65 

2 15 

0 0 

special technique and 

3 

9 0 

11 3 


2 50 

2 35 

0 0 

placed directly in 

4 

12 0 

13 4 


2 60 

2 15 

0 0 

benzene 

5 

15 0 

9 3 


3 25 

2 10 



6 

18 0 

24 1 


2 60 

2 60 

0 0 


7 

21 0 

28 8 


2 45 

2 65 

0 0 


8 

24 0 

40 0 


2 90 

3 15 

0 0 



It can be seen that as the experiments proceed (Table VIII) the viscosity- 
conversion curves become quite horizontal. In some cases there is con- 
siderable gel but this is very loose. In one sample the gel dropped from 90% 
to 30% upon massing the sample for Mooney determination. The ratio of 
[W[^«] is about 1.3. 

The ratio of the heat softened Mooney to the original Mooney is noted to be 
quite constant for high Mooney polymers in proportion. The high Mooney 
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TABLE VIII 

I^OLYMBKIZATXON DATA 


Sample 

No. 


Time, 

hr. 

Conv. 

% 



Gel, 

% 

Swelling 

index 


in/M 


A. Diproxid: 0.03 at 2,7 and 14.8% conv,, 0.06 at 24.3% conv., 50^ C. 


0 

0.0 

0.0 

0.00 

0.00 

0.0 



1 

2.0 

2.7 

1.75 

4.20 

85.5 


2.40 

2 

4.0 

5.4 

2.05 

3.05 

55.0 


1.49 

3 

6.0 


2.00 

3.10 

30.0 


1.55 

4 

8.5 

14.8 

1.95 

3.10 

18.0 


1.59 

5 

10.0 

16.5 

2.05 

3.05 

12.0 


1.49 

6 

12.0 

21.8 

2.00 

2.65 

12.0 


1.32 

7 

13.0 

24.3 

2.05 

2.55 

16.5 


1.24 

8 

23.5 

41.4 

1.25 

2.05 

10.0 


1.64 


(Note: Intrinsic flow time not corrected for nonfolymer solids to this pointy aU values corrected 
hereafter^ also intrinsic viscosity and intrinsic vistex viscosity used hereafter.) 


B, Diproxid: none, 50® C. 



M 

[V] 

• 


1 

2.5 

3.7 

6.50 

8.90 

38.5 


■SI 

2 

4.5 

6.6 

8.85 

9.05 

45.5 



3 

6.5 

12.7 

7.20 

9.95 

12.0 



4 

8.0 

17.1 

6.65 

6.30 

74.5 



5 


19.0 

6.35 

6.40 

63.5 


1.01 

6 


21.7 

5.50 

6.15 

69.0 


1.12 

7 

vnEB 

27.0 

5.00 

6.60 

20.5 


1.32 

8 


53.7 

1.85 

5.15 

89.0 


2.79 


C. Diproxid: 0.03 at 0.0, 18.5, and 35% conv., 45"* C. 


1 


8.2 


5.15 

11.0 

98.0 

■HMH 

2 


11.4 


4.50 

8.0 

43.0 


3 

10.5 

15.3 


4 35 

2 5 

39.0 


4 

12.5 

18.3 

3.65 

4.65 

1.0 

145.0 


5 


40.8 

3.95 

6.30 

19.5 

62.0 


6 


43.2 

4.10 

5.25 

29.5 

118.0 


7 

35.5 

48.2 

4.20 

3.70 

84.5 

54.0 


8 

41.0 

53.5 

3.05 

4.05 

79.5 

51.5 



D. Diproxid: 0.04 at 0, 18.0, and 30.5% conv., 45^ C. 


1 

9.0 

14.2 

2.90 

3.95 

0 0 


1.36 

2 

12.5 

22.5 

2.85 

3.70 

0.0 


1.30 

3 

16.0 

27.7 

2.80 

3.40 

0 0 


1.21 

7 

21.5 

30.5 

2.80 

3.40 

0.0 


hub 

8 

27.5 

39.3 

2.75 

3.25 

0.0 


BKlB 

4 

33.0 

50.4 

2.90 

3.65 

0.0 



5 

36.0 

54.3 

2.95 

3.90 

0.0 



6 

39.5 

57.2 

3.25 

3.75 

41.0 

85.0 















































132 


CANADIAN JOURNAL OP RESEARCH VOL. 27. SBC. P. 


TABLE Vlll-^Conduded 
Polymerization data— Concluded 


Sample 

No. 

Time, 

hr. 

Conv 

% 

— y 

Iri.] 

ll] 

Gel, 

% 

Swelling 

index 


E. Dtproxtd: 0 05 at 0. 14 8. and 28 6% conv , 45^ C. 

1 

9 2 

13 4 

2 SO 


0 0 


1 30 

2 

12 3 

18 3 

2 50 


0 0 


1.47 

3 

15 8 

23 9 

2 50 

3 15 

0 0 


1.26 

7 

26 0 

28 6 

2 45 

2 60 

0 0 


1 06 

8 

29 6 

32 8 

2 15 

2 30 

0 0 



4 

33 2 

46 8 

2 75 

3 55 

0 0 



5 

36 4 

SO 7 

3 05 

3 90 

0 0 



6 

40 3 

54 9 

3 30 

4 25 

0 0 


Hil 


F. Dtproxtd: 0 06 at 0, 23 8, and 42 4% conv., 45^ C , 4 0 parts Nekal, no Na%SOi 


1 

10 2 

14 9 

2 28 

2 88 

0 0 


■■ 

2 

13 4 

23 8 

2 40 

3 07 

0 0 



3 

16 8 

29 9 

2 39 

2 97 

0 0 



4 

34 2 

67 S 

3 49 

4 77 

70 0 



5 

36 2 

71 1 

2 93 

3 81 

89 5 


BIH 

6 

37 2 

73 4 

2 69 

3 50 

91 0 


m 

G. Dtproxtd* 0 06 at 0 0. 19 3. and 43 9% conv , 50® C , 

4 0 parts Nekal, no NaiSOi 

1 

6 2 


1 90 

2 45 

0 0 


■n 

2 

8 4 

BUSH 

2 29 

2 94 

0 0 



3 

12 0 


2 29 

2 92 

0 0 



4 

15 0 

43 9 

2 29 

2 98 

0 0 


■PI 

5 

17 4 

50 7 

2 58 

3 47 

0 0 



6 

19 6 

58 7 

2 80 

3 65 

1 0 

4 80 

mm 


H. Dtproxtd: 0 07 at 0. 23 4, and 38 7% conv , 50^ C ,4 0 parts Nekal. no NoiSOa 


1 

6 2 

21 4 

2 72 

3 18 

33 5 

107 0 

n 

2 

7 0 

23 4 

2 85 

3 75 

27 5 

81 0 


3 

9 0 

28 0 

2 58 

3 54 

2 5 

200 


4 

12 6 

38 7 

2 42 

3 05 

0 0 



5 

16 6 

47 0 

2 20 

2 99 

0 0 


■^1 

6 

20 0 

52 2 

2 20 

2 74 

0 0 


wm 


I. Dtproxtd* 0 07 at 0. 22 8, and 40 3% conv , 50^ C ,4 0 parts Nekal. no NatSO^ 


1 

6 2 

19 6 

2 18 

2 83 

0 0 


1 30 

2 

8 4 

26 1 

2 17 

2 88 

0 0 


1 33 

3 

10 8 

33 8 

2 20 

2 79 

0 0 


1 27 

4 

12 8 

40 3 

2 30 

2 96 

0 0 


1 29 

5 

15 4 

46 5 

1 95 

2 54 

0 0 


1 30 

6 

20 0 

58 8 

2 25 

2 96 

0 0 


1 32 


{AU polymers coagulated as indtcated tn Table VII. Part C) 















































PORDHAU BT AL. GORMAN BUNA S-3 CBBMICAL RUBBER 


i3S 


TABLE IX 

Heat soptbming op polymbrs 


Sample No 
(Table VIII) 

Conv • 

% i 


ML/A*HS 

Gel. 

% 

Swelling 

index 

hlobs 

[?]«■!• * 

[iflobs 

JfL/4'ong 


VIII B original 

i 

S3 7 

155 5 

0 460 

31 5 

93 5 


4 38 

0 650 

Heat soft 

— • 

71 5 

— 

0 0 

— 

IQ 

— 

— 

VIII C original 

53 5 

168 5 

0 425 

62 5 

73 0 

3 37 

4 67 

0 722 

Heat soft 

— 

71 5 

— 

10 5 

134 5 

2 17 

2 54 

0 854 

VIII D onginal 

57 2 

121 5 

0 415 

0 0 



3 45 




Heat soft 

— 

50 5 

— 

2 0 

360 

2 01 

2 08 

0 967 

Onginal 

39 3 

95 5 

— 

0 0 

— 

4 03 

— 

— 

VIII B original 

54 9 

120 0 

0 415 

0 0 

— 

3 51 

— 

— 

Heat soft 

— 

49 5 

— 

0 0 

— 

2 15 

— 

— 

VIII F 1 onginal 

37 8 

136 5 


0 0 



4 16 


__ 

F 2 heat soft 

73 4 

71 5 

— 

32 0 

70 0 

1 56 

2 54 

0 613 

VIII G original 

58 7 

99 0 

0 651 

0 0 



3 14 




Heat soft 

— 

64 5 

— 

1 5 

570 

1 99 

2 38 

0 837 

VlII-H ongiiial 

52 2 

64 5 

0 783 

0 0 



2 38 




Heat soft 


50 5 

— 

0 0 

— 

2 10 

— 

— 

VIII I onginal 

58 8 

90 S 

0 675 

0 0 



1 

2 56 



Heat soft 

— 

61 0 

— 

0 0 

— 

2 29 

— 

— 

Natural rubber 

— 

100 0 

— 

35 5 

— 

5 35 

1 85 

2 90 

I G Farben Buna S-3 









Onginal 

— 

149 5 

0 415 

4 5 

— 

3 35 

4 24 

0 790 

Heat soft 


62 0 


4 0 


2 20 

1 2 33 

1 

0 946 


* Mod* ^ 0 0219 ML 1 4' +0 97, [ti] that would be obtained tf the p<^ymer were gel free. 

copolymers heat softened at a rate comparable to that of I. G. Farbenindustrie 
Buna S-3. The ratio of [)}]obs /[)7]«*io did not differ much from that for 
GR-S, nor approach that of natural rubber. 

While a horizontal intrinsic viscosity - conversion curve was obtained in the 
32-oz. bottle polymerizations by adding 0.070 part of diproxid at 0, and approxi- 
mately 20, and 40% conversion the intrinsic viscosity and the Mooney 
plasticity were both lower than those of I. G. Farbenindustrie Buna S-3. 
The copolymer produced using 0 180 part of diproxid had an intrinsic viscosity 
increasing at the end of the reaction; no combination using 0.100 parts of 
diproxid would give the desired gel-free polymer with a horizontal intrinsic 
viscosity - conversion curve. It is probably very difficult, if not impossible, 
to duplicate exactly a copolymer manufactured on a plant scale in bottle reac- 
tors; the agitation conditions are different. 

Regulating Index of Diproxid and Mercaptans 

Since the significant difference between Buna S-3 and GR-S lies in the 
regulator and its mode of addition, it was of prime importance to compare 
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its effectiveness as a regulator with that of normal and tertiary mercaptans. 
This was done by measuring (26) the residual mercaptan at various conver- 
sions. The data are collected in Fig. 5 and should be compared with the data 
in Fig. 2. 



Fig. 5 . Residual mercaptan in Buna S-3 system. Open faints ^ time-conversion; broken 
lines, representative curve; upper, for normal mercaptans, lower, for tertiary mercaptans. 
Solid points, residual mercaptan- conversion. • Tertiary butyl 0,2, M tertiary amyl 0,2, 

A nrdecyl, 0,4, ▼ n^odecyl, 0,4, X n-tetradecyl 0.4. 

The time-conversion curves, broken lines, indicate somewhat greater rates 
of reactions with tertiary mercaptans (lower curve) than with normal mercap- 
tans (upper curve). The solid curves, residual mercaptan - conversion curves, 
would appear in all cases, except with tertiary butyl mercaptan, to be similar 
to that for diproxid. 

However the activity of the mercaptan is better expressed as regulating 
index, defined as d \n R 

^ ^ ~dP^ ’ 

in which R is the per cent residual regulator at fractional conversion P, and 
was found by plotting In* R against P. Extrapolating the initial straight line 
portion of the resulting graph to zero conversion gave the waste factor defined 
as the difference between 100 and the intercept. The data are summarized 
in* Table X, including previously published results obtained using the GR-S 
system (5, 30). The waste factor arises, presumably, from disappearance of 
mercaptan in side reactions such as disulphide formation. 

It is evident that tertiary amyl mercaptan approximates diproxid in its 
regulating characteristics and that diproxid lies between normal dodecyl and 
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TABLE X 

Regulating index and waste factor for diproxid and iiercaptans 


Regulator 

Regulating index 

Waste factor 

Reference 

In Buna 3-3 system 

Diproxid 

14.7 

0 • 


terL biityl mercaptan 

16.1, 15.1 



tert. amyl mercaptan 

12.9, 12.9 



N-decyl mercaptan 

20.0 

0.0 


N-dodecyl mercaptan 

20.0, 20.0 

0.0, 0.0 


N-tetradecyl mercaptan 

11.9 

0.0 



By Mutual formula 


n-octyl mercaptan 

11.0 

0.73 

5 

n-decyl mercaptan 

8.5 

0.51 

5 

n-dodecyl mercaptan 

2.50 

0.0 

5 

tert, butyl mercaptan 

2.35 

0.10 

5 

tert, decyl mercaptan 

3.85, 13.7 

0.0, 0 64 

5, 26 

tert, octyl mercaptan 

2.80, 3.95 

0.0, 0.33 

5, 26 

tert, dodecyl mercaptan 

3.16 

0.045 

26 

tert, hexadecyl mercaptan 

0.58 

0.0 

26 


normal tetradecyl mercaptan in its regulating characteristics. Particularly 
noticeable is the difference in the regulating index for the same mercaptans 
in the Buna S-3 and GR-S systems. The index is much lower in the latter 
case. 

r 

Use of Mercaptans in Buna S-3 Formula 

Polymerization data using tertiary butyl mercaptan are given in Fig. 6 and 
using tertiary amyl mercaptan, in Fig. 7. These results are quite comparable 
to those obtained using diproxid. Data obtained when normal mercaptans 
are used are given in Table XI. Curves A of Fig. 6 show the time-conversion 
curves. The upper of pair B indicates the decline in viscosity after 14% con- 
version, regardless of the amount of mercaptan added. On the other hand, 
Curve B, shows a, rising viscosity when 0.06% tertiary butyl mercaptan 
was added at 8% conversion. The ideal must be somewhere between the two 
values. Better results were obtained with tertiary amyl mercaptan. Fig. 7. 
Table XI indicates the unsatisfactory use of n-octyl mercaptan but encour- 
aging use of ff-decyl mercaptan. 

Heterogeneity of the Molecular Wmghts 

An approximation to the molecular weight distribution may be determined 
from the viscosity average molecular weight (M.) and the number average 
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Fig. 6. Tertiary butyl mercaptan in the Buna S-3 system; (il) time-conversion curves^ 
(B) viscosity- conversion curves. • Mercaptan added at 14% conversion, • 0.015%, 
A 0.030%, ▼ 0.060%; ■ 0.060% added at 8% conversion. 



Fig. 7. PotymeriMoUon data using 0.009 parts t-amyl mercaptan at 0, 19, and 49% con^ 
version. % Time-conversion, m viscosity-conversion. 
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TABLE XI 

Polymerization data using normal mercaptans 


Time, hr. 

Conversion, % 

Intrinsic viscosity 

Residual mercaptan 

n-Octyl mercaptan. 0.06 part at 0, 31, and 47% conv. 

5.2 

25.4 

4.65 

66.9% 

6.4 

30.9 

5.20 

66.7 

7.6 

38.8 

4.59 

36.7 

8.6 

47.1 

4.00 

34.0 

10.0 

57. S 

3.54 

1.4 


n-Octyl mercaptan, 0,097 part at (?, 19, and 41% conv. 


2.0 

6.8 

0.55 

68.2 

4.2 

18.6 

1.59 

66.9 

6.2 

31.4 

1.57 

33.9 

7.6 

40.8 

2.22 

33.1 

9.4 

55.1 

2.22 

0 

10.2 

62.3 

2.74 

0 


Final Mooney 46 MLJi* 



n-Decyl mercaptan, 0,05 part at 0, 22, and 41% conv. 


2.4 

11.2 

7.51 

67.2 

4.2 

21.6 

3.30 

67.2 

5.6 

30.6 

2.90 

38.4 

7.0 

41.4 

3.68 

38.4 

8.0 

48 7 

3.67 

37.7 

9.3 

57,9 

3.68 

1.0 


Final Mooney 93 . 0 AfL/4' 



by the logarithmic number distribution (Maxwellian type with unlimited 
range toward infinite molecular weight). 

Ne-^dy 

dti = 

where y = 4 In ^ J 
p M, 


dn — number of molecules in the interval y to y -{• dy, 

N = total number of molecules; 

(8 = degree of heterogeneity, and is zero for a homogeneous polymer; 
Afo = molecular weight at which the peak occurs in the distribution 
curve. 

From the above relations it may be derived for butadiene/styrene copoly- 
mers that: _ 

M — 

/3 = 2.35 log R, where i? = = , and Mo = M.. 

Mn 
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a, may be determined from the intrinsic viscosity determination and 
from the regulator disappearance curve, assuming that one molecule of regu- 
lator is used up per copolymer molecule formed. Assuming that a Buna S-3 
sample of 60% conversion with intrinsic viscosity of 3 . 00 is produced in plant 
reactors by adding 0.03 part of diproxid at 0, 20, and 40% conversion, the 
values of /3 and Afo will be 1 . 41 and 1 1 . 7 X 10* respectively. Other represent- 
ative data are in Table XII. The polymers produced in the Buna S-3 system 
with diproxid would seem to be of more uniform and of higher molecular 
weight than those produced in the same recipe with normal mercaptans or 
those produced in the GR-S system. 

TABLE XII 

Hetbrogenbitv of holbculak wbigbts 


Polymer 

Conv., % 

M, 

1 

Mn 

R 

p 

Jlfo 

Diproxid 0.06 at 0 

10 

22.1 X 10* 

6.06 X 10* 

3.35 

1.70 

3.20 X 10* 

and 0.04 at 40% 

20 

41.5 

10.60 

3.90 

1.81 

4.69 

conversion 

30 

68.1 

14.40 

4.75 

1.93 

5.68 


40 

97.7 

18.38 

5.30 

2.00 

6.73 

Diproxid 0.06 at 0 

10 

27.6 

6.60 

4.20 

1.85 

2.80 

and 19 and 0.03 at 

20 

40.4 

9.65 

4.20 

1.85 

4.09 

38% conversion 

30 

40.4 

8.25 

4.90 

1.95 

3.18 

40 

40.4 

9.15 

4.40 

1.89 

3.77 


50 

40.6 

9. 75 

4.15 

1.85 

4.14 


60 

64.8 

11.15 

5.80 

2.06 

3.80 

n-Octyl mercaptan 

20 

70.0 

5.10 

13.70 

2.50 

10.60 

0.06 at 0, 31, and 

30 

97.7 

7.75 

13.30 

2.49 

15.60 

47% conversion 







ii-Octyl mercaptan 

10 

6.6 

1.55 

4.25 

1.86 

0.66 

0.097 at 0, 19, and 

20 

16.7 

1.90 

8.70 

2.28 

0.53 

41% conversion 

30 

16.7 

2.30 

7.20 

2.17 

0.7 


40 

26.5 

3.05 

8.70 

2.28 

0.63 


50 

28.1 

2.60 

10.90 

2.36 

0.64 


60 

34.0 

3.05 

11.20 

2.36 

0.76 

fi"Decyl mercaptan 

10 

13.2 

3.60 

3.70 

1.77 

1.64 

0.05 at 0, 22, and 

20 

36.7 

7.10 

5.15 

1.98 

2.66 

41% conversion 

30 

41.5 

5.75 

7.20 

2.18 

1.77 


40 

54.6 

7.05 

7.75 

2.22 

2.07 


50 

59.4 

6.15 

9.65 

2.34 

1.58 


60 

54.4 

7.05 

8.45 

2.26 

1.96 

n-Dodecyl mercap- 

20 

3.6 

1.8 

— 

1.30 

1.19 

tan in Mutual for- 

38 

9.3 

2.4 

— 

1.81 

1.05 

mula, 0.5 at 0 

59 

15.4 

3.1 

— 

1.97 

1.22 

conv. 

82 

32.2 

4.0 

— 

2.24 

1.14 

Buna S-3, 0.06 dip- 
roxid at 0, 20, and 
40% conv., con- 
stant [i;] 3.00 

60 

43.7 

i 

m 

4.55 

1.91 

2.51 
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Discussion 

It is seen that diproxid is a reactive regulator. At 30% conversion only 6% 
of the initial amount remained. In regard to our present theories of modifica- 
tion (6, 7, 8, 12, 13, 27, 28, 30, 37, 38, 39, 40) in the emulsion polymerization 
system this would indicate that increment addition of such a regulator is a 
necessity if a constant viscosity is to be obtained throughout the reaction. 

The rate of polymerization was found to be very sensitive to changes in 
temperature. A reduction in temperature from 50° C. to 45° C. resulted in a 
rate decrease from about 2 . 4% per hour at the higher temperature to about 
1.5% per hour at the lower. The significant feature is that this reaction 
proceeds at a steady rate in the complete absence of a promoter or chain trans- 
fer agent. Diproxid is not a promoter, and may indeed be a retarder, partic- 
ularly in the presence of impurities. 

The Buna S-3 polymerization system, although fairly reproducible with 
regard to conversion is nonreproducible when considering such properties as 
intrinsic flow time and gel content. However, it is very difficult to see why 
such anomalies should occur in the polymerization reaction. It is believed 
that such irreproducible properties might result during the handling of the 
polymer, i.e., during removal of excess monomers, coagulation of the latex, 
and drying of the polymer. 

Because of the irreproducibility of intrinsic flow time and percentage gel 
measurements, these methods of characterization were discontinued early in 
favor of the vistex technique, by which the polymerization reaction may be 
studied and the “whole” polymer, including soluble and gelled portions, 
evaluated without the changes brought about during removal of the residual 
monomers, coagulation of the latex, and drying. By this technique the latex 
particle is individually dispersed in a mixed solvent system. This results in 
complete solution or dispersion of both soluble polymer and gel. From the 
theories of viscosity it is evident that the formation of gel during polymeriza- 
tion will result in an over-all decrease in intrinsic viscosity when the whole- 
polymer is considered. The complicating feature is that low vistex values 
may also be obtained with low molecular weight “linear” polymers. Hence, 
with present methods it is very difficult, in an examination of a vistex- 
conversion curve, to determine how much of the decrease can be attributed to 
gel formation and how much to regulation. 

From an examination of the data in Fig. 3, which represents the polymeriza- 
tion reaction free from the complications of modification, it is seen that there 
is a rapid rise in the vistex viscosity from 0 to 13% conversion. This is 
probably indicative of the formation of polymer molecules of increasing mole- 
cule weight and comparatively linear in nature. At about 13% conversion, 
gel formation begins, owing to branching, cross linking, and increasing molec- 
ular weight of the polymer. This results in a continuous falling-off of the 
vistex to a very low value at the completion of the reaction. Fig. 4 (Curve 
A) shows the same trends except that the formation of gel and consequently 
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the decrease in vistex is made less pronounced by the addition of regulator 
after the vistex has reached a maximum value. Fig. 4, Curve 5, shows a 
different trend. The results indicate a polymerization in which a constant 
and fairly high vistex value with increasing conversion was obtained. As 
was predicted, the polymer produced in this case was entirely free of microgel, 
as evidenced by the nonexistence of macrogel in the coagulated and dried 
polymer. 

The more comprehensive data in Tables VII and VIII indicate that when 
corrections are applied for nonrubber constituents it is not easy to obtain a 
satisfactorily flat vistex viscosity - conversion curve with the smaller amounts 
of regulator. Indeed best results are obtained with amounts of diproxid of 
the order of 0.2 part total. The same general trends may be noted with 
higher diproxid charges as are noted in the preparation of GR~S. The peak 
of the intrinsic viscosity - conversion curve shifts to higher conversions and 
the entire curve towards lower viscosities. Increasing the Nekal BX charge 
increases the rate somewhat and decreases the amount of precoagulum slightly. 

The ratio of intrinsic viscosity to intrinsic vistex viscosity varies with the 
intrinsic vistex viscosity somewhat but was generally rather constant for gel- 
free samples and could be represented by the equation: 

M « 0.175 + 0.92 [ij.] 

Comparative data taken from smoothed-out viscosity conversion and vistex 
conversion curves are given in Table XIII. Also it was found, following the 

TABLE XIII 

Ratio of intrinsic viscosity to vistex viscosity 


Sample No. 

M 

[»?.] 


1 

2.45 

1 90 

1.29 

2 

2.95 

2.30 

1.28 

3 

2.95 

2.30 

1.28 

4 

2.95 

2.30 

1.28 

5 

3.24 

2.54 

1.28 

6 

3.48 

2.74 

1.27 

7 

3.42 

2.54 

1.37 

8 

3.07 

2.30 

1.33 

9 

2.84 

2.18 

1.30 

10 

2.85 

2.19 

1.30 

11 

2.85 

2.20 

1.30 

12 

2.85 

2.20 

1.30 

13 

2.87 

2.19 

1.30 


work of Back (1), that [ij] = 0.0219 X ilfIr/4' + 0.97 for gel-free copolymers, 
and fij] = (0.0219ML/4' + 0.97) X (0.93 — 0.0093 gel) for gel-containing 
polymers. The intrinsic viscosity and the gel were determined on the sample 
after they were massed for the Mooney determination. This equation differs 
but slightly from that found by Back for GR-S and is subject to the same 
limitations. 
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The regulating indices of mercaptans would seem to be higher in the Buna 
S-3 system than in the Mutual formula. Of the commonly available materials 
only tertiary amyl mercaptan would seem to fulfill the conditions of having the 
same regulating index and the absence of waste factor. Polymer prepared 
using tertiary amyl mercaptan in amounts corresponding mole for mole to 
the diproxid should yield the same polymer. This would appear to be true 
within the ability of the system to discriminate. 

However, should the schedule of additions of mercaptan be altered, some 
other mercaptan would accomplish the same results, the essential requirements 
being that the activity of the regulator oscillate between two values, both of 
which are above that which will allow gel formation readily and below that 
which will result in low molecular weight polymer. These values could be 
calculated from the data presented in a specific case. It is evident, too, why 
the use of n-dodecyl mercaptan in place of diproxid would lead to the formation 
of a more heterogeneous polymer when the same schedule of addition was 
adhered to; the dodecyl mercaptan should be added in smaller molar quantities 
and more often. The main advantage in replacing diproxid by a mercaptan 
is the very considerable increase in the rate of the reaction, and the system 
seems to be more reproducible. The effect of the mercaptans on rate may be 
arranged in the order tertiary amyl> tertiary butyl >n-tetradecyl and n- 
dodecyl > n-decyl. 

Through trial and error the scientists at I. G. Farbenindustrie had arrived 
at a schedule of addition of diproxid which gave them a rather homc^eneous 
polymer of just about the maximal molecular weight below where gel forms 
readily. However, the system is not unique or inexplicable and may indeed 
be improved upon by using mercaptans. On the other hand, application of 
the knowledge obtained as to regulating index of diproxid in relation to other 
mercaptans would enable a similar polymer to be prepared using the Mutual 
formula if it were desirable. The polymer produced would be very tough and 
difficult to process as prepared. While such a polymer could be heat softened 
or degraded to a processing level well within that suitable for current factory 
techni<iues, such a step is cumbersome, costly, and, based upon reports from 
Europe, not easily controlled. Thus, the more suitable approach to an 
improved general purpose tire rubber would seem to be along the lines of 
lower polymerization temperatures (17, 35). 
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PILOT PLANT STUDY OP GERMAN BUNA 
S-3 CHEMICAL RUBBERS 

By T. L. Davies* and H. Leverne Williams* 
Abstract 

Buna S-3 chemical rubber was prepared in 5 and 1 10 gal. glass lined autoclaves. 
The polymerization conditions were not identical ynih those reported by the 
Germans or by a concurrent laboratory program. The polymers failed to heat 
soften in a manner comparable to the German material but, nevertheless, when 
the polymer was degraded on a mill and compounded in a standard tire tread 
recipe die resulting vulcanizate had properties superior to GR-S and approximat- 
ing those of low temperature chemical rubber, although the Buna S-3 lacked the 
ease of processing of the low temperature copolymer. 


Introduction 

The German general purpose tire rubber, Buna S-3, although produced in 
a manner very similar to that used for the production of chemical rubber 
(GR~S) in Canada did differ both in its method of manufacture and processing. 
Like GR-S the I. G. Farbenindustrie product was a butadiene-styrene 
copolymer prepared in emulsion. The catalyst was potassium persulphate, 
the emulsifier was Nekal BX (isobutylnaphthalenc sodium sulphonate) and 
the regulator or molecular weight controller was diisopropyl xanthogen 
disulphide (diproxid). A considerable volume of data became available 
following the visits of several investigators to Germany (1, 2, 3, 4, 7, 8, 9, 10, 
11, 14, IS, 16, 17, 19, 20, 22, 23). Data on various copolymers prepared in 
this system have been published (18). 

The polymer was very tough and in practice was heat softened (6) to the 
desired plasticity before use. In spite of this economic and processing 
handicap it was of interest to parallel the laboratory investigation of this 
polymer and the system in which it was prepared (5) by an attempt to produce 
larger quantities of the Buna S-3 for compounding and testing studies. When 
polymers produced at lower temperatures (21) were found to equal or exceed 
Buna S-3 in properties and were very much easier to process, the Buna S-3 
program was terminated. Thus, certain questions remain unanswered by 
this report, which is intended to define the status of the study upon closing. 

* Techniques 

The criterion for similarity to the I. G. Farbenindustrie product was 
to produce a polymer of high Mooney plasticity by the increment addition 

^ Manuscript received in original form July 23, 1948, and, as revised, December 27, 1948, 
Contribution from the Research and Development Division, Polymer Corporation Limited^ 
Sarnia, Ont. 

• Supervisor, No. 1 Pilot Plant. 

* Research Chemist, Physical Chemistry Research Laboratory, 
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of diproxid regulator to maintain a horizontal intrinsic viscosity -conversion 
relation up to 60% conversion of hydrocarbons to copolymer. 

The polymers were milled on a standard laboratory rubber mill and com- 
pounded in the standard test recipe for tire tread stocks. Unless otherwise 
indicated, the test methods on the vulcanizates conformed with those in 
use in standard testing laboratories. 

Viscosities, gel, and other molecular weight data were obtained as in the 
previous report (5). 

Experimental 

Polymerization and Characterization of Polymers 

Table I shows the polymerization data obtained on a large number of 
Buna S-3 charges in the 5-gal. reactors at 45® C. 

TABLE I 

POLYICERIZATION DATA 


Polymer 

Time hr 

Diproxid 

Conv , % 

[t] 

Gel. % 

m 

Mooney 

Coagulation 

T 199 4 

0 

0 033 

0 


0 

1 






8 5 

1.7 

0 







18 

2 7 

0 






0 033 

25 5 

3 3 

0 







31 5 

3 7 

0 







37 5 

3 7 

0 






0 033 

44 5 

4 5 

5 







53 0 

0 95 

78 





32 5 


56 S 

2 4 

63 


150 L 

NaCl. H 1 SO 4 

T-443 80 

0 

0 013 

0 








0 033 

20 

1 00 

80 25 






0 033 

40 

1 25 

83 25 





30 3 


61 2 

3 95 

8 0 


90S 

Alum 

T-445 4 

0 

0 047 

0 








0 047 

20 

1 73 

76 5 






0 047 

40 

0 25 

79 0 





52 5 


61 2 

1 46 

70 5 


83S 

NaCU HtS 04 

T-446 1 

0 

0 047 

0 








0 047 

20 

2 75 

0 1 






0 047 

40 







33 


60 7 

4 57 

7 0 


95 S 

Alum 

T^72 3 

0 

0 049 

0 








0 035 

20 

0 55 

60 8 






0 056 

40 

0 68 

52 2 





33 8 


69 5 

1 00 

68 8 


88 S 

Alum 

T-493-2 

0 

0 035 

0 








0 049 

20 

3 05 

0 75 






0 056 

40 

4 7 

2 5 





30 5 


59 5 

2 95 

12 


1 88 S 

I 

Alum 

T-525 1 


0 033 

20 


85 0 

3.5 





0 033 

40 


80 8 






0 033 

60 







48 


80 8 


76 5 


97 S 

Alum 


L, Large Rotor MLI4*; S, Small Rotor MS/4\ 
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TABLE I — Continued 
Polymerization data — Continued 


Polymer 

Time, hr. 

Diproxid 

Conv., % 


Gel.% 

IM 

Mooney 

Coagulation 

T-526-2 


0.033 

20 


81.1 

1.92 





0.033 

40 


94.5 

2.00 





0.033 

60 


97.4 

0.71 




42.5 


77 


95.6 

0.93 

loss 

Alum 

T-S40.1 


0.035 

20 


62.3 

1.0 





0.025 

40 


74.5 

1.55 





0.040 

60 







64.6 


79.7 


78.0 

0.80 

103 S 

Alum 







0.43 



T-S41-3 


0.035 

20 


34.2 






0.025 

40 


24.8 

0.365 





0.040 

60 







39.2 


79 


7.0 

0.49 

116 S 

Alum 

T-5S9-1 


0.033 

0 








0.033 

20 








0.033 

40 







22.5 


62.0 




76 S 

Alum, FeS04 

T 560-1 

0 

0.03 

0 








0.03 

20 


0 

2.41 





0.03 

40 


8.5 

3.15 

f 



45 


51.0 


8.4 

2.82 

90.5S 

Alum. FeSOi 

T-589-1 

0 

0.033 

0 








0.033 

20 


42.5 

2.58 





0.033 

40 


82.5 

3.05 




51 


61 


77.5 

2.65 

88S 

See Table III 

T-S76-1 

0 

0.033 

0 








0.033 

20 



2.10 





0.033 

40 

1 






48 


61.8 



2.24 

85 S 

Alum, FcS 04 

T-593-2 

0 

0.1 

0 









20 


66.1 

1.17 






40 


66.8 

1.90 




28 


61.2 


72.3 

1.30 

89 S 

CaCl*,'HOAc. FeS04 

T-S94-2 

0 

0.14 

0 









20 


2.5 

0.67 






40 


2.5 

2.35 




33.3 


60.8 


65.3 

1.90 

70.5 S 

CaCli.'HOAc. FeS04 

T-726-2 


0.06 

8 



1.89 






33 



2.95 






50 



2.77 




27 


60.0 



2.32 

82 S 

CaCl. H 5 SO 4 . FCSO 4 

T-730-2 


0.04 

8 



2.95 






20 



2.80 






33 



3.20 






50 



3.15 




30.6 


59 



2.35 

78 S 

NaCl, H^4. FeS04 

T.746.2 


0.04 

8 



3.19 






20 



3.19 






33 



3.12 





0.02 

50 



2.85 




26 


59.8 



3.20 


FeS04 


L, Large Rotor MLI4*; 5, SmaXl Rotor MS/4\ 
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TABLE l-^Canduded 
Polymerization data— 


Polymer 

Time. hr. 

Diproxid 

Conv . % 

[t] 

Gel.% 

[<•1 

Mooney 

Coagulation 

T-7S0.2 


0 04 

8 



4.50 






20 



3.17 






33 



3.48 





0.03 

50 



2.87 




36 


60 8 



2.10 

78.5 S 

NaCl. H 1 SO 4 , Peso* 

T-762-2 


0.04 

8 



1.95 






20 



2.05 






33 



3.10 





0 03 

50 



3.00 




28 7 


60.7 



2.45 

60. 7S 

Peso*. NaCl. HsSO« 


L, Large Rotor ML/4*; S, Small Rotor MS 14** 


It will be noted that the time and amount of diproxid increments were 
varied in an attempt to obtain a horizontal viscosity and/or vistex versus 
conversion curve. This was not accomplished but was being approached 
(see polymer T-746-2). An examination of the results in Table I indicates 
that a satisfactory degree of reproducibility of the Buna S-3 system with 
regard to conversion rate, intrinsic flow time, vistex, and Mooney has not 
been obtained in the Pilot Plant reactors. 

The lack of reproducibility makes it difficult to evaluate the effect of vary- 
ing the amount of diproxid and the time of the addition. 

Polymers T-S25-1, T-S26-2, T-540-1, and T-541-3 were higher conversion 
polymers than regular Buna S-3 and Polymer T-S60-1 was prepared to 50% 
conversion. 

Heat Softening 

In these experiments the polymers were placed in a hot air oven at 250® to 
260® F. for a period of several hours. Samples were removed at intervals for 
Mooney determination. The results are shown in Table II. 

Examination of the data shows that the rate of Mooney decrease for the 
heat softening of polymers prepared here was much lower than that of the 
German Buna S-3, even when the sample contained iron as catalyst. The 
extremely low rate of heat softening of polymers T-443-80 and T-559-1 may 
be attributed to the use of alum to coagulate the latex. However, variation 
of the coagulation system for Pilot Plant polymers has not yet produced rates 
of heat softening approaching that of German Buna S-3. The effect of 
different types of coagulation on heat softening is shown in Table III for 
polymer T-589-1 and at a temperature of 260® F. for a period of 30 min. 

It is to be observed that coagulation with sodium chloride - sulphuric 
acid - ferrous sulphate mixture gave a polymer that showed a greater Mooney 
decrease on softening. Another important feature shown by these results 
is the variation in the Mooney and gel caused by different types of coagulation. 
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TABLE II 

Heat softening data 


Time 

Mooney MLI4* 

T-443-80 

•T-559.1 

German Buna S-3 

15 min. 


134.5 

156.5 

30 “ 

129 

136.0 

135 

45 “ 

123 

— 


60 “ 

119, 128 

119.5 

93.0 

80 “ 

— 

121.5 

76 

90 

109 

— 

— 


— 


57. S 

2 hr. 

105, 109 

123.5 

51.5 

3 “ 

99, 105 

— 

— 

4 " 

101.5 

— 

— 

5 " 

98.0 

— 

— 

6 « 

101.5 

— 



7 “ 

99.5 

— 


8 " 

104.5 

— 

— 

9 « 

109.5 

— 

— 

10 « 

105.5 

— 

— 

11 " 

107.0 

— 

— 

12 " 

110.0 




* Coagukmtfor Polymer T-5S9-I contained 0. 12 gm. FeSOt . 7Hfi per tOO gm. of polymer. 


TABLE III 

Effect of type of coACUtATioN on polymer 


Polymer 

T.589-1 

Coagulation type 

Original gel, % 

Original Mooney 
AfL/4' 

Final Mooney 
AfL/4' 

A 

Alum 

78.8 


IPIIH 

B 

Alum -4- FeS04 

75.0 



C 

Brine-acid 

83.5 



D 

Brine-acid + FeSOi 

61.0 

147.5 


E 

CaClrHOAc 

79.4 

144.5 


F 

CaClrHOAc + FeS 04 

81.2 

143.0 


G 

NaCl-HOAc 

89.5 

146.0 


H 

NaCl-HOAc + FeS 04 

78.3 

150.0 

HflH 


MiU Breakdown 

The results of breakdown, on a cold mill, of some of the polymer prepared 
are shown in Tabla IV. 

It is observed that although German Buna S-3 has a faster rate of mill 
breakdown than the Pilot Plant polymers, the deviations are not nearly as 
marked as they were in the heat softening data. Polymer T-213'4 during 
the interval 10 to 40 min. showed a greater rate of mill breakdown. 

The fact that this polymer was the only one coagulated with sodium chloride - 
sulphuric acid may be of some significance in view of the heat softening data 
ci Table III from which it is seen that the polymers coagulated with sodium 
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TABLE IV 

Mill breakdown data 


Time, 

min. 


Mooney ML/A* 


%Gel 

T-213-4 

T-443.80 

T-525-1 

1-559-1 

German 

T-213-4 

German 

0 

171 

158 


131 5 

161 

40 9 

17 4 

2 

174 

157 

— 

mBtm 

160 

41 5 

5 4 

5 

173 

156 

112 

^■lEra 

147 

39 4 


10 

170 

142 

106 5 

Bnra 

127 

0 

0 

15 

146 

ni 

99 0 


102 

0 

0 

20 

120 

113 

84 5 

76 5 

93 

0 

0 

25 

— 

— 

— 

72 5 

— 

— 

— 

30 

93 5 

94 

— 

68 S 

80 

0 

0 

40 

81 5 

— 

59 0 

60 0 

72 


0 

45 

— — 

83 


— 


— 

— 

60 

— 

74 

— 

— 

— 

— 

— 


chloride-sulphuric acid solutions showed the greatest Mooney decrease during 
heat softening. 

Physical Test Data 

Although this investigation is by no means complete, Table V illustrates 
some of the results obtained in examining the compounded and vulcanized 
sample. The polymers were compounded in the standard Rubber Reserve 
formula and cured at 292® F. for the times indicated. 

TABLE V 
Physical tfst data 


Polymer 

Mill 

break 

down 

Cure 

min 

Maximum 

tensile 

psi 

Elong 

% 

Modulus 

ps 1 

Cure 

mm 

Rebound 

% 

Cure 

min 

Hex, in /Kc 

T-199 4 

30 

80 

4280 

650 

1210 

85 

61 4 

70 

1 r 3 X io“» 

T-213-4 

30 

90 

4363 

56S 

1708 

— 

— 

— 

— 

T-443-80 

IS 

80 

4086 

66S 

1189 

— 

— 

— 

— 

T-443.80 

30 

8S 

4044 

67S 

117S 

9S 

59 2 

80 

11 1 X 10-» 

T-441 80 

60 

8S 

4071 

722 

1071 

95 

58 6 

80 

10 3 X 10“» 

T-443 80 

90 

90 

1864 

688 

1142 

— 

— 

— 

— 

German Buna S-3 

40 

50 

4042 

6S0 

1220 

— 

— 

— 

— 


Examination of the physical test data shows that faster rates of cure were 
obtained for the' I. G. Farbenindustrie Buna S-3 samples. On an average, 
compounded in the standard recipe the German samples required a 50 min. 
cure at 292® F. for maximal tensile strength while the polymers prepared in 
the Pilot Plant averaged 85 min. for curing to maximal tensile strength. 

Physical test data on compounded stock show very similar results, indicat- 
ing, at least in this respect, that the quality of the European polymers is 
being approached. 
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Discussion 

Failure to duplicate the Buna S-3 exactly in larger scale production in the 
Polymer Pilot Plant cannot be explained precisely. Perhaps more exact 
duplication of the German polymerization system, particularly the constant 
viscosity versus conversion relation, may solve the difficulty. A lower gel 
content and higher swelling index of the gel may result and alter the break- 
down characteristics of the polymer. The effects of coagulation and drying on 
the properties of the polymer have not been investigated fully, but there is 
evidence that the coagulation step may alter the polymer considerably, and 
impurities left in the polymer from the polymerization, coagulation, or washing 
stage may affect the breakdown characteristics of the polymer. Most 
important, however, is the difference in agitation. The Germans used slow 
speed agitation, whereas the equipment used in the present investigation was 
high speed. This can alter the disappearance of regulators considerably and 
may make the molecular weight distribution entirely different. The high 
rate of diproxid disappearance normally (5) would suggest that it should not 
be sensitive to agitation. 

In spite of this difference the properties of the polymers approached those 
of low temperature polymers (21) and surpassed those of GR-S (12, 13). 
However, the polymers would not be suitable for the usual factory procedure 
without heat softening to lower Mooney viscosities before compounding. 

With the development of easily processed polymers of comparable quality 
the commercial application of this polymer must await development of either 
a suitable heat softening technique or suitable alteration in formula to enable 
easy processing. 
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THE DIFFUSION OF LIGHT BY GROUND GLASS, WITH SPECIAL 
REFERENCE TO COLOR CHANGES^ 

By W. E. Knowles Middleton* and F. D. Smith* 


Abstract 

By special methods of grinding it has been found possible to make reproduc- 
ible ground-glass surfaces. A series of six surfaces of increasing roughness was 
proouced in crown glass, and a similar series in flint. These were illuminated 
at normal incidence by 2850^ K. light in a photoelectric goniophotometer and 
intensity was measured at various angles. The apparent color temperature 
of the light diffused at each angle was also measured photoelectrically, with 
visual checks at some angles. Photomicrographs were taken of some of the 
surfaces, and finally the recording spectrophotometer was used to measure the 
diffuse reflectance, diffuse transmittance, and transmittance over a half-angle 
of about 8°, of several glasses. Some sandblasted samples were also studio. 
The transmitted light is most reddish at 0°, while at angles of more than 
most of the glasses raise the apparent color temperature of the light. With the 
.most finely ground glasses the color temperature at O'* reaches 2300^ K. Some 
theoretical studies lead to the belief that most of the color changes are due to 
scattering, while diffraction plays a minor part. 


Introduction 

In comparison with other systems which diffuse light, whether translucent 
like opal glass or opaque like magnesium oxide, ground glass has received 
relatively little attention, either experimental or theoretical. A fairly exten- 
sive search of the literature since 1920 discloses only a few papers with 
quantitative significance. Reference may be made to articles by Schulz (10), 
Leontowitsch (6), Lax and Pirani (5), Kuhl (4), English (2), and Cohu (1). 
None of these contain any data on the change of color of the light, except in a 
very indirect way, exemplified by the curves for two wave lengths in the article 
by Kuhl (4). 

There are probably two reasons for this neglect. In the first place, the 
surface of ground glass is very complex geometrically, and this renders the 
formulation of a rigorous theory extremely difficult if not impossible. Secondly, 
from the experimental standpoint, the difficulty of reproducing ground sur- 
faces has probably discouraged elaborate measurements. 

The present contribution does not pretend to provide a full theory of the 
diffusion of light by ground glass, though it will be shown later that diffraction 
alone is entirely inadequate to explain the observed phenomena. The second 
of the above-mentioned difficulties has, however, been surmounted, and we 
shall describe a method of making ground-glass surfaces that can be duplicated 
even after many months with satisfactory precision. The main emphasis in 
our work has b^n on the color changes, but data on the angular variation of 

* Manuscript recewed November 8, 1948. 

Contribution from the Division of Physics and Electrical Engineering^ National Research 
Laboratories^ Ottawa, Canada. Issued as N.R.C. No. 1893. 

* Physicist. 

* Now at the University of Rochester. 
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luminance and the diffuse transmittance and reflectance will also be presented. 
It has been found that the chang^es in the color of the light can be adequately 
specifled by means of the concept of color temperature, provided the incident 
light has the spectral distribution appropriate to a perfect radiator. 

Preparation of the Ground Glass Samples 

In the normal process of grinding glass, the abrasive breaks down very 
rapidly, and the roughness of the final surface depends to a very large extent 
on the rate at which new abrasive is supplied and the rate at which the finer 
broken down abrasive is carried away. The variation in pieces of ground 
glass, prepared in succession by the same workman using the same tools and 
procedures, might be small, but the variation between samples prepared by 
different workmen or in different workshops with the same abrasive undoubt- 
edly will be quite large. 

The samples of ground glass used for our measurements were prepared by 
a method which has been found to give reproducible results. The samples 
were ground by hand on a flat iron lap about 20 in. in diameter. A bbx 6 in. 
square (Fig. 1) carried a flat piece of sponge rubber on its underside. This 



box was placed on the glass sample on the lap, and weights to give a pressure 
of 1 p.s.i. were added to it. Short lengths of string attached to two sides of 
the box were used to pull it over the surface of the lap as described below. 
The upper surface of the sample was protected with shellac and no serious 
slippage was observed. 

A uniform, relatively light coating of very wet abrasive was spread on the 
lap and the glass drawn by means of the strings in a zig-zag fashion over the 
surface. A slight, rotary, to-and-fro motion with amplitude about 30® was 
given to the flat as it was drawn over the path. On the completion of one 
such “pass”, as shown in Fig. 2, the lap was washed clean and the entire 
process repeated. The glass samples had been previously optically ground 
and polished, and so the time to produce a fully ground surface by the above 
process was reduced to a minimum. When the surface was first judged fully 
ground, ten extra passes were made as a safety precaution. 

Samples of flint (no = 1.617) and crown («d = I.SIO) glass were ground 
with 60, ISO, and 280 mesh carborundum, 600 and 1000 mesh emery and 
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No. 8 garnet in decreasing order of size. The No. 8 garnet has a particle size of 
8 fi. The range covered is indicated by the photomicrographs (Fig. 3) of 
flint samples ground with (o) 60 mesh carborundum, (6) 600 mesh emery, and 
(c) No. 8 garnet respectively. The magnification is 200 times, and the ilium* 
ination by reflected light. 



Fig. 2. Showing motion of box in grinding. 

The General Nature of the Surfaces 

As will be seen from Fig. 3, the ground surfaces appear exceedingly complex 
when viewed under the microscope. In every case a number of relatively 
large conchoidal chips have been removed, but the greater part of the surface 
consists of very small facets of a variety of sizes and orientations, so that the 
surface in this region appears to have been pounded and complex fractures can 
be seen. These make it appear as if scraping with some sort of sharp instru- 
ment would easily remove many of the projecting peaks of glass. The geome- 
try of the surface appears to be the same for all the abrasives used. Thus 
with suitable magnification one of the surfaces ground with emery can be 
made to appear indistinguishable from one of the coarser carborundum-ground 
surfaces. The sandblasted samples were very similar to ground samples of 
corresponding roughness, except that the large conchoidal fractures were less 
numerous and relatively smaller, while the surface as a whole undulated slightly 
and made it difficult to bring a large area in focus at once under the microscope. 
This similarity in appearance between the ground and sandblasted samples may, 
as Preston (9) has suggested, result from the fact that the two processes are 
pounding processes and fundamentally the same. 

Experimental Methods 

Most of the measurements were made with the sample illuminated by a 
simple gonio-illuminator mounted on an optical bench. 'Fhis apparatus, which 
presents no novel features, made it possible to illuminate the sample with a 
collimated beam at any angle of incidence, and to observe it from any angle of 
view in the plane of incidence, though not closer than about 20® to the direction 
of the beam on the incident side. The half-angle of divergence of the beam- in 
the plane of incidence was about 1 . 7®. For most of the observations, a photo- 
electric photometer was used, fitted with filters for the measurement of color 
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temperature; but checks were also made by direct visual comparison in a 
Lummer-Brodhun photometer with a magnesium oxide screen illuminated by 
a sub-standard of cobr temperature. All the measurements were made with 
incident %ht having a color temperature of 2850" K. (I.C.I. source “A’’)i 
and nearly all at normal incidence. 

In addition to the goniophotometric measurements, a recording s{>ectro- 
photometer was used to measure the singly diffuse transmittance and reflec- 
tance of the samples, and also the transmission in a cone of half-angle about 8". 

Measurement of Intensity, Luminance, and C^lor Temperature 

A photocell (R.C.A. type 926) was mounted permanently at one end of the 
optical bench. In front of the cell was a slit about f in. wide, backed by a 
paper diffusing screen. This arrangement was left unaltered throughout the 
experiments, including calibrations. 

For measurements of the angular distribution of intensity, a mask with an 
aperture i in. wide and 1 in. high, cut in thin sheet metal, was placed in contact 
with the ground surface of the samplh. A flxed distance from glass to cell was 
used. The calibration of the photocell and its associated circuits was carried 
out with the aid of the optical bench and a lamp run on controlled voltage. 
The luminance of the ground-glass surface was not measured directly, but 
was calculated by dividing the intensity by the cosine of the angle of view. 

The measurement of color temperature was carried out by measuring the 
relative response of the photocell when two Alters, one red and the other blue, 
were separately placed in front of it. A color temperature sub-standard lamp 
and a magnesium oxide screen were used for calibration. In order to deflne 
the illuminated area, a mask with a in. diameter opening was placed in 
contact with the sample. By varying the distance from sample to photocell, 
and by the use of an auxiliary adjustable slit, it was easy to perform all the 
measurements, including calibration, at about the same level of photocell 
output. The angle of view was in all cases less than the angular divergence 
of the incident beam. 

It has been pointed out by various authors (7, 12) that this way of measur- 
ing color temperature tacitly assumes that the spectral distribution of the 
light is similar to that of a black body. For this reason it was felt to be 
necessary to make some visual comparisons between the color of the light from 
the ground glass and of that from a magnesium oxide screen illuminated by a 
color temperature sub-standard; this was done by modifying a Lummer- 
Brodhun photometer by the addition of inclined mirrors (11, p. 209). As will 
be shown below, the results of these measurements (and of spectrophotometric 
determinations) support the validity of the photoelectric method. 

Results 


Angular Distribution of Luminance 

It is felt to be more useful to state the angular distribution of luminance 
than of intensity, because this facilitates comparison with a perfect diffuser, 



Plate I 



Fig. 3. PhotomuroRraphs of ground surfaces (,'X200) by reflected hght. 
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the luminance of which is the same at all angles. The curve for the perfect 
diffuser would appear as a horizontal straight line in this method of plotting. 

In Fig. 4 we present data for three different grinds of crown glass, including 
the coarsest and the finest; and it will at once be seen that there is little dif- 
ference in their diffusing power. All the curves in Fig. 4 refer to light incident 



Fig. 4. Angular distrihutum of luminance. Light incident normally on ground side. 
Crown glass, grinds No, 60, No, 280, and No, 8, 



Fig. S. Angular distribution of luminance. Light incident normally on ground side. 
Solid curves— flint glass. Broken curves— crown glass. 


on the ground side, as do those of Fig. 5, which compare crown and flint glass. 
The flint glasses are notably better diffusers, an important practical consider- 
ation. 

There is a small but interesting difference (Fig. 6) between the results for 
incidence on the ground side and on the polished side. The latter orientation 
leads to about twice the luminance at very large angles, presumably because a 
good deal of the back-reflected light from the ground side is incident internally 
on the polished side at more than the critical angle, and is totally reflected. 
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Even sandblasted glasses present much the same appearance (Fig. 7). This 
figure shows clearly the much greater importance of the type of glass than of 
the particular details of sandblasting technique. 



Fig. 6. Angular distribution of luminance. Crown glass, No. 60 grind. Solid curve — 
light tnetdeni on ground side. Broken curve — light incident on poliihed side. 


All the curves, both for ground glass and for sandblasted, can be fitted 
quite well to a Gaussian curve of error at angles below about IS®. 

Table 1 gives the values of the angles of view at which the brightness falls 
to one-half and one-tenth of the value at 0®. In every case the light is incident 
on the rough side. 

TABLE I 


Abrasive 

Crown glass 

Flint glass 




tfforiJ-O 1 B. 

Ground glasses 





60 mesh carborundum 

9 5® 

21 r 

11 4** 

26 7® 

150 mesh carborundum 

9 6 

21 9 

— 

— 

280 mesh carborundum 

9 3 


11 6 

25 0 

600 mesh emery 

8 6 


9 4 

22 1 

1000 mesh emery 

6 4 


8 8 

19 9 

No. 8 garnet 

4 4 


6 4 

15 9 

Sandblasted glasses 





200/40 

9 6 

22 0 

12 5 

29 1 

200/70 

9 7 

23.0 

— 

— 

100/40 I 

10 1 

23 6 

— 

— 

100/70 

10 9 

24 5 

14 2 

32.1 


The sandblasted samples are evidently somewhat more effective diffusers, 
although in appearance they have the roughness of glass ground with about 
ISO mesh carborundum. It is also noted that all samples of a given glass 
ground with carborundum are very similar in their diffusion properties in 
spite of a wide range (about S to 1) in coarseness. 
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Fig. 7. Angular distribution of luminance^ sandblasted samples. 


Color Temperature Changes 

Some of the results of the photoelectric color temperature measurements are 
shown in Fi^s. 8 and 9 for crown and for flint glass, illuminated by 2850® K. 
light incident normally. In every instance the transmitted light is reddest at 
small angles of view, but it will be noted that the change in color is less marked 
for the rougher surfaces. The great lowering of the color temperature at low 
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angles of view in the case of finer surfaces is believed due to scattering; this will 
be discussed below. The curved for flint glasses are lower in every case than 
those for the corresponding crown samples, and this may be ascribed to the 
loss by total reflection of light of shorter wave lengths, which would be more 
pronounced for the flint glass. The curves for flint glass are all for light 
incident on the ground surface. The angle at which the color temperature 
is equal to that of the incident light (2850° K.) can be read from Figs. 8 and 9. 
It varies fairly systematically with the coarseness of the grind. When the light 
is incident on the ground surface the color temperatures observed are higher, 
as shown by the curves for crown glass (Fig. 8). 

This higher value of color temperature can be explained by reference to 
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Fig. 10. If we suppose that the color of light leaving the rough interface at 
a given angle is the same for the two cases, then for incidence on the rough 
surface, refraction at the second, polished, surface will cause a further spec- 
trally selective diffusion of the light. One would expect the color to be only 
very slightly changed at O'* and to have a maximum change at the largest 
angle. The fact that the curves show an increase in the effect with angle of 
view supports this explanation, and total reflection will also take place at a 
smaller angle for the shorter wave lengths. However, some other process 
must operate to produce the effect near 0°. 

Visual Measurements of Color Temperature 
Visual measurements of color temperature were later made by the method 
described above (p. 154). The values (Table II) so obtained tended to be 
slightly lower than those obtained photoelectrically, but, except for light at 
small angles from finely ground surfaces, the difference was never greater 
than SS** K. and in most cases 20° K. or less. The larger (and positive) 


TABLE 11 

Color temperature changes obtained visually and photoelectrically. 
Light (2850* K.) incident on ground side 


Glass 

sample 

9. 

degrees 

CT observed 
visually, 

Tv 

CT observed 
photo- 
electrically, 

Tp 

Difference 

Ty - T, 

No. 60 Crown 

10 

2670 

2700 

-30 


20 

2745 

2750 

- 5 


30 


2780 

-30 


40 


2800 

-10 


60 

2835 

2855 

-20 

No. 280 Crown 

10 

2685 

2700 

-15 


20 


2720 

-20 


30 

2745 

2765 

-20 

No. 600 Crown 

0 

2550 

2580 

-30 


10 


2710 

-10 


20 

2755 

2790 

-35 


40 

2915 

2890 

+25 


60 

2925 

2935 

-10 

No. 8 Crown 

0 

2350 

2305 

+45 


5 

2800 

2760 

+40 


10 

2870 

2880 

-10 


20 

— intensity too 1 

ow for match. 



discrepancies (up to 45° K.) for the finely ground samples probably resulted 
from the circumstance that the included angle was somewhat greater (up to 4°) 
than that used for the other measurements. Thus it would be expected from 
the steepness of the curve in the region near 9^0° that too high a value would 
be obtained. 

It is important to record here that a satisfactory match was obtainable in 
every instance, a fact which justifies the employment of the concept of color 
temperature to specify the color of the light transmitted by these glasses. 
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Spectrophotometric Measurements 

Measurements with the recording spectrophotometer indicate that the colors 
of the transmitted light are very close to the Planckian locus. Some of the 
resulting colors, calculated from the diffuse spectral transmittances, are shown 
in Fig. 11, and from spectral transmittances in an 8° cone in Fig. 12. It 



.440 . 445 . 450 .455 .460 .465 X .470 

Fig. 11 . Portion of the LC.I, chromaticity diagram^ showing calculated chromaticities of 
diffusely transmitted light from a ZESO"" K, source, and also a portion of the Planckian locus. 
Light incident on ground ^ide. 



.440 . 445 .450 . 455 . 460 . 465 X .470 

Fig. 12. Portion of the I,C,l, chromaticity diagram, shoiving calculated chromaticities of 
light from a 2850^ K, source transmitted in a cone of 8^ half -angle. Light incident on ground 
Side. 

should be noted that the spectrophotometric results are for geometrical con- 
ditions very different (regarding collection of light) from the photoelectric 
results. The color of the transmitted light is scarcely changed from that of 
the incident light if all the transmitted light is collected (Fig. 11) ; but the light 
in the 8® cone is distinctly redder, the more finely ground glasses changing the 
color more. It is probably not significant that the points for the four crown 
glass samples lie on the purple side of the Planckian locus, while the flint glass 
samples are on the green side, since the displacements are not much more 
than the experimental errors. 

Diffuse ‘reflectance* was also measured with the spectrophotometer and 
again the colors, more bluish in this case, were close to the Planckian locus. 

Reproducibility of Ground Surfaces 

A comparison of Figs. 8 and 9 will disclose the absence of grind No. ISO 
from the series of flint glass samples. Two samples of glass, supposed to be 

* The sample backed by a hollow blackened enclosure. 
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crown and flint, had been ground with ISO mesh carborundum, and when they 
were tested in the goniophotometer they proved to be identical within the 
error of the experiments. A refractometer showed that they were in fact both 
crown glass, Wd == 1.510. These were, of course, prepared at about the same 
time in June, 1947. To determine whether samples could be reproduced after 
the lapse of a year, samples of No. 600 crown and No. 280 flint were prepared 
in the summer of 1948, and compared with the 1947 samples. The measure- 
ments of color temperature and luminance agreed almost within the errors of 
the experiment (Tables III and IV). Spectrophotometric measurements 

TABLE III 

Reproducibility of color temperature 


degrees 

Color temperdtiirc, ®K. 

• 

1948 

1947 

Difference, 

1948 - 1947 

Crown No, 600 

0 

2610 

2585 

+25 

10 

2690 

2705 

-15 

20 

2760 

2780 

-20 

30 

2830 

2850 

-20 

40 

2920 

2890 

+30 

SO 

2930 

2920 

+ 10 

60 

2945 

2940 

+ 5 

70 

2970 

2930 

+40 

80 

2965 

i 

2950 

+ 1S 

Flint No, 2S0 

0 

2620 

2645 

-25 

10 

2680 

2685 

- 5 

20 

2760 

2740 

+20 

30 

2785 

2770 

+15 

40 

2800 

2780 

+20 

50 

2800 

2810 

-10 

60 

2810 

2815 

- 5 

70 

2845 

2820 

+25 

80 

2860 

2840 

+20 


suggest that the variation from point to point on one sample is of the same 
general magnitude as the difference between samples. 

It should, of course, be mentioned that nearly all our samples were approxi- 
mately the same size, about 3 X 3 in., though one or two were smaller. While 
no experiments have been made on this point, it seems likely that similar 
results would be obtained with samples of various sizes as long as the pressure 
was kept the same. It is regretted that this question was overlooked when the 
experiments were under way. 
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TABLE IV 

Reproducibility op luminancb distribution 


9 . 

degrees 


Relative 

luminance 


Crown No. 600 

Flint No. 280 

1948 

1947 

1948 

1947 

0 

1000 

1000 

1000 

1000 

5 

772 

767 

880 

872 

10 

389 

385 

570 

566 

15 

150 

151 

312 

315 

20 

67 

70 

166 

169 

30 

20 

19 

52 

55 

40 

8 

8 

23 

.23 

50 

5 

5 

14 

14 

60 

4 

4 

5 

7 

70 

3 

4 

2 

4 

80 

3 

3 

1 

2 


Theoretical Considerations 

A theoretical explanation of diffusion by ground glass must take into 
account the effect of refraction, diffraction, and scattering. The experimental 
results however, as well as theoretical investigation, show unquestionably that 
refraction plays by far the largest part. 

It is quite evident that an air-glass interface consisting of small facets at 
various angles to the normal would cause a general deviation of normally 
incident light, both by refraction and reflection, which would be more effective 
for the shorter wave lengths. Thus the light transmitted through such a 
surface and observed at large angles to the normal would be more bluish than 
the incident light. If the light is incident on the polished surface and if only 
a single refraction takes place for each ray, the color of light observed at 0° 
will be the same as that of the incident light. It is, however, quite evident 
that there must be multiple reflection and refraction for many of the rays 
passing through the surface. Some of the light observed at 0" will have under* 
gone such a process, and since the diffusion is away from the direction of 
incidence and is more effective for the shorter wave lengths, we should expect 
therefore in any small cone of rays about the normal, an increase in the propor- 
tion of light of longer wave length. This would also mean that light reflected 
from the surface should be somewhat bluer than that of the source. In the 
case of incidence on the ground surface, we should expect that diffusion would 
be enhanced by the refraction effect at the second, polished, surface, causing 
further diffusion (Fig. 10). As previously discussed, the combination of both 
these effects tends to give a generally lower temperature for light transmitted 
at large angles, in the case where the light is incident on the polished surface. 
On a refraction theory, the change in color should, for a given surface geometry, 
be the same regardless of the degree of roughness of the surface. Furthermore, 
these effects should all be greater for glass of higher index of refraction. 
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These phenomena were all observed, and from a qualitative point of view 
it seems certain that most of the diffusion is due to refraction. 

We may attempt a numerical evaluation of the contribution of single refrac- 
tions if we consider the entire surface of the glass to be made up of a large 
number of prisms of all possible angles. We shall confine our discussion to 
incidence on the polished side of the sample. To render the problem definite, 
we must choose a distribution function of some sort, and it seems logical to 
select a probability function. Let us assume, therefore, that the projected 
area of surface having a slope between — idtf) and + ^d<f) is given by: 

ds = Ae-^"*"dz, (1) 

where z = tan <#>. (2) 


In other words, let the distribution of tan </> follow a probability function. 
It may easily be shown (Fig. 13) that 


tan <t> 


sin 0 

n — cos d 


(3) 



Fig. 13, Illustrating refraction theory. 


where n is the index of refraction of the glass and d is any angle of observation, 
and if we consider the flux within the conical shell defined by d6, and corre- 
sponding to d<l>, wc obtain 

JC r- r-j »CO80 — 1 f “ A* sin®0 ~\ 

dF = KiEds = K\EA exp 

(« — COS a)* L(« — cos o)*J 


where E is the illuminance, and K\ takes care of losses by absorption and reflec- 
tion, supposed small and independent of <f>. For the intensity we then obtain 


I = 


da 


n cos — 1 r —A* sin* 6 H 

(» — cos fl)* sin B L(» “ cos fl)*J ’ 

_ K^A 
^ 2v 


(5) 


where 



t64 


CANADIAN JOURNAL OF RESEARCH. VOL. 27, SEC. F. 


The choice of h must be made from the experimental results. If we take 
a mean value for n we may choose h to make the intensity curve fit at any 
point we wish. Fig. 14 shows the result of doing this at the point where the 
intensity has fallen to one tenth. The theory fits the experimental curve 



0 10 20 30 40 * 


Fig. 14. Intensity vi. angle of view. Crown glasi. No, 60 grind, light incident on polished 
side. Circles show result of simple refraction theory; solid line denotes experimental results. 

quite well out to about 20®, but of course it cannot be expected to be satis- 
factory at high angles of view near the critical angle, where multiple reflections 
must be involved to give any light at all. This is for a coarsely ground glass. 
For the very fine glasses, the fit is not as good, though it is certain that refrac- 
tion still plays the major role. 

We do not wish to claim too much for this simple analysis. Nevertheless, 
in our opinion it seems probable that most of the diffusion at medium angles 
is produced in this way, and a probability distribution of slopes may not be 
far from the truth. An attempt was made to calculate the distribution of 
color temperature on the basis of this theory, using Hartmann’s dispersion 
formula (3, p. 115) for n; but the amount of computation required turns out 
to be unjustifiably great. 

It is quite obvious, at any rate, that the change of color temperature at 0® 
cannot be explained by a theory depending solely on refraction. The results 
shown in Figs 8 and 9, in which the reddening of the light at small angles is 
seen to depend mainly on the fineness of the grinding, make it most likely 
that this is a pure scattering phenomenon. A further investigation of the 
polarization phenomena, which should accompany this, is desirable. 

The third possible mechanism of diffusion is diffraction by the small irregu- 
larities of the glass, considered as obstructing bodies. 

On a diffraction theory one should expect a marked change in color with the 
coarseness of the grind. This was not observed with the rougher surfaces, 
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but was very evident with the very fine surfaces. On the other hand, little 
change should occur between crown and flint samples if diffraction is the main 
cause of the effect; but marked differences did occur, which were larger than 
could be attributed to the difference in roughness for a given abrasive due to 
the difference in hardness of the two glasses. (The flint samples are somewhat 
coarser than those of crown because the glass is somewhat softer, though the 
difference is considerably less than the steps of roughness between successive 
grades of abrasive). Furthermore, the diffraction does not explain the in- 
creased redness observed at low angles of scattering, for according to this 
theory the color at 0® should be the same as that of the source, becoming redder 
as the angle of view increases. Nevertheless, it was thought desirable to 
estimate the contribution of diffraction to the intensity at various angles. 

Consider the ground surface of the glass to be made up of a very large 
number of circular obstructing particles, of various radii r, and in numbers 
distributed according to the law 

P(f) = (6) 


If we direct our attention only to the particles of some one radius r, we can 
apply the theory of the corona (8, p. 470). Let there be P particles of radius r, 
and observe them from an angle 0 to the direction of the incident light; then 
the flux per unit solid angle in the direction 0 is 


I = EPir*r* [^1 
in which 


1 w* . 1 

2 1^3 ( 1 . 2)2 


m = 


irr sm 


1 w® 

4 (1.2. 3)2 ^ 



( 7 ) 


where X is the wave length of the light. Tables of / as a function of m are 
available (8, p. 479) for P = 1. 

If we keep X and 0 constant, we may calculate / as a function of r, and then 
let r vary, integrating mechanically to obtain 





F(r) . P(r)dr. 


( 8 ) 


This procedure was carried out for a distribution of particles with a mean 
radius fo (Equation 6)^ of 2/z, and a value of h such that the number of particles 
of radius 20 jx is 1/100 of the number of radius 2/x. This is a very fine grind. 
Using a wave length of SSO mix, the intensity at d = 3® was found to have 
fallen to about 1/30 of that at 0 == 0®, and to less than 1/100 at ® = 6®. This 
may be compared with any of the curves of Figs. 5 to 7. Other distributions 
of particle sizes cannot materially improve the result, and it must therefore be 
concluded that diffraction plays a minor part in the process even with the more 
finely ground surfaces. This conclusion was also reached by Leontowitsch (6), 
who endeavored to explain the phenomenon on the basis of the electromagnetic 
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theory of light. He found that diffraction was an adequate explanation only 
for very fine, almost invisible surfaces. 

Summarizing our theoretical findings, we may say that refraction, scattering, 
and diffraction contribute in that order to the total diffusion of light by ground 
glass, with refraction playing by far the largest part. 

Conclusion 

In this paper we have presented a method of making reproducible ground- 
glass surfaces, and also the results of measurements of the light transmitted by 
ground and sandblasted glass at various angles, in particular of the color 
temperature of the light. An attempt has also been made to give an elemen- 
tary theoretical account of the phenomenon. 
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Abstract 

The general manner in which guy wires behave is well known, but in this paper 
the prc^lem is treated by means of new catenary formulae which are especially 
convenient for the purpose. The behavior is discussed in detail, and there is 
given a simple practical means of designing a set of guy wires which will serve 
any preassigned purpose. The method is illustrated by numerical examples. 


Introduction 

When a column is supported by a set of guy wires each wire hangs in the 
form of a catenary. The wires each exert a lateral force on the column, and 
when the column is vertical these lateral forces balance one another. Then 
when a lateral external pressure is exerted on the column, by wind, for example, 
the column must swa\'. The sway will increase the tensions of the wires on 
one side and decrease the tensions on the other side. The increase will exceed 
the decrease and the sway of the column will increase until equilibrium is 
established with the external pressure. 

There will also be an absorption of energy which will re-establish the column 
to the vertical i>osition when the external pressure ceases. 

If the wires are pulled to too high a tension in the vertical position the 
tensions arising from an extreme external pressure may be the maximum allow- 
able, and if they are not taut enough the column will experience too great a 
sway before a sufficient restoring force is built up. 


The Behavior of a Single Wire 


We let the positions of the lower and upper ends be (0, 0) and (.v, y). We 
also let 7" be the tension at the upper end, II the horizontal tension, x the length 
of the wire, and w the weight per unit length. 


Then we have the relations (2, p. 248) 


y 


= X sinh k' 


sinh u 

li 


( 1 ) 


5 


= X cosh k 


, sinh u 


( 2 ) 


wx cosh {k' + m) 
2 u 


( 3 ) 


II 

y/s 


WX 

2u 

tanh k' . 


( 4 ) 

( 5 ) 


* Manuscript received August 19, 1948, 

Contribution from the Department of Mathematics, University of Alberta, Edmonton, 

Alberta, 

• Professor of Mathematics, 



168 


CANADIAN JOURNAL OF RBSEARCB. VOL. 27, SEC. P. 


The k' and m are parameters, and their meanings may be taken as given by 
Equations (4) and (5). 

When the column sways, x varies but y may be taken as constant. In fact 
all the symbols in these equations vary except y and w, although the variations 
of some are more appreciable than those of others. The variations of 5 and k\ 
for example, are slight. 



Fig. 1 


We shall designate by subscripts 1 and 2 the values of these varying symbols 
without and with sway. Then we have the relations: 


Without sway 

With sway 

. , ,, sinh ui 
y — JCi sinh ki 

Ui 

(6) 

. ^ sinh ua 

y ■■ X* sinh ka 

Ua 

(11) 

, ,, sinh U\ 
s\ “ xi cosh ki 

U\ 

(7) 

. , , , sinh Ua 

Sa ■“ X 2 sinh ki 

Ua 

(12) 

„ wxi cosh (it; + «i) 

■ 2 

(8) 

^ wXi cosh (ka + Ua) 

2 

(13) 

Hi - tanh k( 

(9) 

Ha * tanh ki 

(14) 

y/si ■■ tanh k{ 

(10) 

y/sa ■■ tanh ki 

(15) 


The restoring horizontal force arising from the sway and due to this wire is 
therefore _ ^ v 

f (s - s) • <■«> 

and the moment of this restoring force about the base is 


wy /x, xi 

2 \«* «i 


)• 


(17) 


There is another relation, involving the modulus of stiffness of the wire. 
Denoting that modulus by X we have 


T = X 

where is the unstretched length. 


5o 


.So 


(18) 
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. r, - Ti 

=* T So f 


and since X is large and si — sq is small, no appreciable error will be involved 
if we write 

(») 


The Ener^ Absorbed in the Sway 

The energy absorbed will arise from two sources, viz., the work done by the 
horizontal force H in varying x, and the work done by T in stretching the 


The first of these is 


Now from Equation (1) 


Hdx . 


sinh k' sinh u 


whence 


^ sinh k‘ 


■' ^ (sinh «) ’ 


if we neglect the variation of k'. 
Therefore 


rr j j 1 j / « \ 

2u 2 sinh* k' sinh u \sinh u) * 

and 

f% dx = 1 « _ f u . / 1 \"|*** 

2 sinh* k' l^sinh u sinh « J sinh u \sinh «/ 

_ wy* Y lu — sinh 2« ~|“* 

~ 8 sinh* k' sinh u 

Since the tension varies linearly as the stretch it follows that the energy 
absorbed in stretching the wire is 


\ {Ti + Tt) (St - sx) . 

Therefore the total energy absorbed in the sway is 


teiy* 

8 sinh* k 


r2» - sinh 2u\** , 1 / x 

■' L «nh. 1 + 2 - '■> • 
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Method of Solution 

If yf Xu X 2 t Uu and w arc given we may proceed in the following manner: 

(1) ' By means of (6) find k[. 

(2) ' For a first approximation put = k[ in (11) and find « 2 . 

(3) ' Find Ti and Tj from (8) and (13). 

(4) ' Find Si from (7) and then find ^2 from (19). 

(5) ' From the result of (4)' and (IS) find ku second approximation. 

(6) ' Repeat (2)' to (5)' until no further change in occurs. 

The values of the restoring force, restoring couple, and the energy absorbed 
may then be calculated. 

This is a general solution, but in practice if admits of simplification in most 
cases. For the X is usually so large that no appreciable effect is afforded by 
(19). A variation of T which would make the effect of (19) appreciable would 
put the tension beyond the breaking point. Then both s and k' will be 
unchanged and (1)' and (2)' give the solution. 

There is, however, an important technique of solution. 


Technique of Solution 

Instead of solving (6) for ku we may take the ratio of (11) to (6) and obtain 

sinh U 2 _ sinh Ui ^ ^ 

U2 Ui * Xi 

Now X2/X1 is nearly 1, and denoting it by 1 + a then a is small. Also, 
(sinh u)/u is greater than 1 but not greatly different from 1. 

Then 


sinh «2 sinh Ui 


U2 U\ 

This is a convenient form for numerical work 


- (1 + a) . 


For example, suppose that a column were guyed by cables running from the 
ground at 50 ft. from the foot of the column to a point 70 ft. high on the column. 
Suppose the cable were installed so that when the column was vertical the 
parameter u = Ui was 0.2025 and that the cables weighed 1.55 lb. per ft. 
Consider the effect on two opposing cables of a sway which would move the 
pointjof attachment by 0.006 X 50 ft. in their plane. 

For each cable we should have, with forces in Ib.u, and lengths in ft., 


sinh Ui 

til 


1.00685, Hi=^ 

L U\ 


l.SS X 50 
2 X 0.2025 


For the one with span increased we should have 

= 1.00685 - 5 - 1.00600 = 1.00085, 

Ui 

ut = 0.0715, 

„ _ wxi 1.55 X 50 X 1.006 _ , 
* ~ 2m2 “ 2 X 0.0715 ~ ^ 


191 . 
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For the one with span decreased we should have 


= 1.00685 - 5 - 0.994 = 1.00685 X 1.00604 = 1.01291, 

«2 

Mj = 0.2778, 

_ 1.55 X 50 X 0.994 _ 

* “ 2 X 0.2778 “ 


The restoring force on the column by these two cables would therefore be 
545 — 138 = 407 lb.„, and its moment about the base would be 407 lb.* X 
70 ft. = 28,490 ft. lb.„. 

For each one* 

70 

sinh ^ H- 1.00685 = 1.392, 


k' = 1 . 133 . 


Therefore the tension of the one with increased span is 

545 cosh (1.133 + 0.072) = 545 X 1.818 = 990 lb.„ 


Method of Application to Practical Problems 


This illustration suggests a practical means of adjusting a set of cables when 
they are set up, in order to serve a designed purpose. 

Suppose, for example, that the y, xi , and w have been chosen, and that it is 
desired to adjust the cables (find the value of Wi) so that a pair of opposing 
cables will, in extreme conditions, afford a restoring moment N about the base 
without the tension of either cable exceeding a limit P. 

We proceed as follows: 

Take «2 and «j as the parameters of the opposing cables at extreme sway. 
Find tt 2 with *2 = xi and T — P, since the variation in x is small. 


From the tables (1, Table XVII) read 
sinh M 2 


Then 


«2 


= l + bi 


wxj _ ^ _ N _ 

2 tts ~ 2tt2 y ’ ~ 


From the tables read 
sinh »2 


Then 

and 


^ = 1 + 5, . 

h - b, , 


Ui 

1 + 0=1 + 
sinh Ui 




« 1 + 


2 

&2 + 


WXi / wxi _ ^ 

2 ■ \ 2«2 y ) 


( 21 ) 

( 22 ) 

(23) 

(24) 

(25) 


* Seeing that W does not change in value in our solution we may for convenience drop the 
subscript. 
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Alternatively, the maximum tension P might have been specified and the 
maximum sway c at the height y. 

Then is determined with Xi = Xi and T = P, and ba is given by(21). 
Also, ^ ^ ( 26 ) 

Therefore 

= 1 + 6, + c/*i , (27) 

Ml 

whence Mi is determined. 

Likewise 

= I +ba + 2c/xi; (28) 

Ms 

whence is determined. 

Then the resisting moment about the base is 



If this resisting moment is not sufficiently great it can be increased by 
increasing some or all of w, xi, and y. 


Problem 


Application 


It is proposed to support a column by a set of four guy wires anchored to 
the ground 60 ft. from the base and attached to the column 80 ft. from the 
ground. What should be the setting parameter of the cables if a tension of 
1800 Ib.tt is not to be exceeded and an extreme resisting moment about the 
base of 60,000 ft. lb.«, is to be provided, assuming the cables to weigh 1 . 85 
lb. per ft.? What will be the extreme sway at the 80 ft. level (1) if the extreme 
external pressure is e.\perienced in the plane of two of the wires, and (2) if the 
direction of external pressure bisects the angle between the two planes of 
wires? 


Solution 

With forces in Ib.w and lengths in ft., we are given 

icj = = 60, y = 80, P = 1800, N = 60,000, w = 1.85. 

From (1) and (3), 

y . sinh ua 


sinh 


Xa Ua 

and we solve by successive substitution. 

y _ , wxa _ 1.85 X 60 

2P~ 2X1800 


«* = cosh (hi + Ua) , 


0.0308. 
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Approx. 

u% 

(sinh 

D 

I 

ki 

kl + th 

cosh (*{ + Ut) 


1 

0 

1.00000 

1.3333 

1.0984 

1.0984 

1.6664 

0.0513 

2 • 

0.0513 

1.00044 

1.3328 

1.0983 

1.1496 

1.7368 

0.0535 

3 

0.0535 

1.00048 

1.3327 

1.0982 

1.1517 

1.7399 

0.0536 

4 

0.0536 

1.00048 

1 .3327 

1.0982 

1.1518 

1.7400 

0.0536 


«*=0.0S36. 

Then, by (4), 


lit 


wxi 1.85 X 60 
2«, ~ 2 X 0.0536 ~ 


Resisting force at extreme = 60,000/80 lb.«> = 750 lb.,. . 
lit = 1034 - 750 = 284 , 


Then 


_ 1.85 X 60 
2 X 284 


0.1953. 


1.00048, 

Ut Ut 


1.00637, 


sinh «i 0.00048 + 0.00637 

«i 2 


1.00343, 


«i = 0.1434, 

o = 0.00343 - 0.00048 * 0.00295 , 

80o = 0.236 . 

« 

Hence the sway at the 80 ft. level for extreme pressure is 0 . 236 ft. or 2 . 83 in. 


To answer the second question, with the direction of external pressure bisect- 
ing the angle between the two planes of the cables each opposite pair of the 
cables would provide half the resisting force, that is, 375 lb.«,. Also, if the 
sway of the column were 80a, then the sway in the planes of the cables would 
be 80o cos 45®. 

Now if the parameters of an opposing pair of cables at extreme sway were 
«t and Ut, then 
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One solves this equation by bracketing: 

wi = 0 1434. (sinh ui)/ui = 1 00343 
(sinh U2)/u2 = (sinh Ui)/ui — a cos 45®, (sinh uz)/uz = (sinh U\)/ui + a cos 45®. 


a cos 45® 

(sinh U 2 )/U 2 

(sinh Ui)/u 2 

U2 

Ut 

i/«. 

l/tta 

- - - - « 76 

Ml Ml 

0 002 

1 00143 





5 54 

- 1 51 , 









0 003 

1 00043 





5 09 

+ 7 76 

0 0022 

1 00123 




11 63 

5 46 

- 0 59 

0 0023 

1 00113 




12 IS 

5 40 

- 0 01 

0 0024 

1 00103 


0 0787 

0 1868 

12 71 

5 37 

+ 0 58 

i 


a cos 45® = 0 00230 . 

Theiefore the sway at the 80 ft level is 

80 X 0 00230 X 1 414 = 0 260 ft = 3 12 in 

One might offhand think that the sway would be greater in the plane of 
two cables than in the direction which bisects the angle between the two 
planes, since all four cables arc brought into play. The reason why the sway 
is greater in the second case than possibly anticipated is that the resistance is 
not a linear function of the swa> , but builds up rapidly as the sway increases. 


1. Since 


Further Principles of Application 


sinh k' 


3L ^ sinh U\ 
Xl ’ Ui 


and (sinh ui)/ui does not differ greatly from 1, then wy^/(S sinh* k') is very 

nearly wx\/S. Also, it has already been pointed out that when X is large the 

second term of (20) is negligible. Therefore the absorption of energy is, to a 

close approximation, „ . t. « 

wx] r 2u — sinh 2u 

8 L sinh u 



Applied to the problem just solyed the absorption of energy is, in the first 
case 44 ft. Ib.w, and in the second case 52 ft. lb ^ 

2. To find the sag of a cable below the chord joining its points of support 
it is better to use a different form of the equations (2, p. 247), viz., 

y == c I cosh ^ I ’ 


( 30 ) 
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for the c and k are the same for all segments of a given catenary, whereas the 
u and k' depend on the segment being considered. 



The slope of the chord is y/xi, and if {x', y') is the point where the tangent 
is parallel to the chord then 

sinh (*'/c + i) = y/xi , (31) 

and 

^ ~ ^ I (c” ~ ^ 

We also have 

fc = I + " = " • 

To find g' at the initial setting we then proceed as follows: 

We are given »i, y, and «i. 

From (6) find k'. 

From (33) find c and k. 

Then find x' from (31). 

Substitute in (32) and obtain g'. 

Proceeding thus in the problem just solved we have, for each cable at time 
of setting, the following results: 

We start with xi *= 60, y = 80, mi = 0. 1434. 

We then find in succession k' = 1.096, c = 209, k = 0.953, *'/c + ^ = 
1.0986, *' = 30.6, g'.=» 3.7. 

The sag of the cable below the chord is therefore 3 . 7 ft. 

Summary 

In any system of guy wires the behavior of the system depends on (1) the 
horizontal and vertical distances of the cable attachments from the foot of 
the column being supported, (2) the weight of the cable per unit length, and 
(3) the tension to which the cables are strung. 
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The conditions which have to be met are (1) a maximum allowable tendon 
under extreme sway, (2) a maximum sway for a given lateral pressure on the 
column, and (3) a sufficient restoring moment when a given tension or sway 
has been experienced. 

The methods here given enable one to design a system which will serve 
any specified purpose, or to determine the effectiveness of a given system when 
it is subject to a hypothetical strain. 
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NOTES 


Further Remarks on ^Thotometry and Colorimetry of Railroad 

Fusees*’* 

In a recent paper in this journal (1), the writer described a method for the 
colorimetry of railroad fusees with a trichromatic colorimeter, in which it was 
stated that the color of the fusees was always more saturated than the colors 
produced by mixing the light passing through Wratten filters No. 70 (Red) 
and No. 74 (Green). This result was later found to disagree with the results 
of a different method, and a search has been made for the cause of the 
discrepancy. 

It has now been found that, at least for some observers, a match set up for 
a steady light of about the same chromaticity as a red fusee is entirely unsatis- 
factory if the light is then made to flicker at the rate of a few times per second 
(i.e., well below the critical frequency). The amount of blue in the mixture 
required for a match is then much less. The matter is receiving further 
study, but I wish now to point out that the numerical results represented by 
Fig. 8 of the paper are inexact. The other conclusions are not affected. 

1. Middleton, W. E. K. Can. J. Research, F, 26 : 331-339. 1948. 

• Issued as N.R.C. No. 1894. 

Received February 2, 1949. W. £. Knowles Middleton 

Division of Physics, 

National Research Laboratories, 

Ottawa, Canada. 
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THE ADSORPTION OF SOAP BY CARBON BLACK’ 


By A S WtATHi RUURN,^ GRP' Rosl,* and r. H Bvyiiv* 


Abstract 

I he adsorption of the sodium soaps of Uuric, niynstic, palmitic, stearic, and 
okic acids from aqueous solutions by a carbon black has been measured The 
adsorption appears to he a combination of t^o more or less independent processes 
(a) adsorption of neutral soap, and (b^ adsorption of fatty acid resulting irom 
hydrolysis Ihe adsorption of both the fatty acid and alkali components of the 
soaps studied is in agreement with the I n undlich adsorption equation over the 
com entration range investigated, the extent of adsorption increasing with 
im reasing ehain length of the saturated soaps examined In every case there is a 
greater adsorption of fatty aeid than of alkali, but this difTerenee becomes greater 
with me reasing chain length of the soap Increase in temperature causes a slight 
decrease in adsorption, but the effect is small On the basis of its adsorptive 
behavior, sodium oleale appears to have an clfcetive chain length of about i') 
carbon itoms Excess of fatt\ acid in the inilul *'oap solution results in an 
increased adsorption of total fatt> aeid, but dots not innuence the adsorption ot 
neutral soap, on the other hand, excess of alkili in the initial solution not only 
results in an inci eased adsorption of total alkali, but also leads to a decrease in 
the adsorption of fatty acid and neutral soap Ihis decrease in adsoiption is 
attributed to suppression ot hydroKsis, but even with 100^ r excess alkili where 
hvdrolvsis must Ik* almost eompUtel> suppressed there is still an appreciable ad 
sorption of fattv acid which must bt adsorbed in the form of neutral soap The 
idsorbed material corresixmds to an aeid soap of variable composition, the ratio of 
excess acid to neutral soap depending on the composition of the initial solution, 
the temperature, and the particular soap used The adsorption of soep from 05% 
alcohol solution and from ibsolute alcohol solution i'* essentiallv the same, both 
being considerably lower than the adsorption of the same soap fiom aqueous 
solution In spite of the fact that n>drol\sib of soap does not occur in ilcoholie 
solution the fatty tcid and alkaline eomponents are not adsorbed in equivalent 
amounts, and it is suggested that, in this case, splitting of the soap is brought 
about b\ alcoholysis, followed b\ preferential adsoiption of one of the reaction 
prodiK ts 

Introduction 

Dining the* course of studies in the field of dctcrirencx turrcnlK in progiess 
in these lahoiatoncs it be(«ime of intciest to inxestigate* the adsorption of 
various sodium soaps on carbonaceous materials used as hber-soiling media 
The present paper gives data relating to the adsorption of soaps, or their 
components, on one carbon which max be regarded as t>pical ot the carbons 
employed m detergency studies While these data would not be evi^ected to 
apply directly to other carbons or complex tarbon-oil soils which have 
been used by other investigators, it is believed that the woik is of interest m 

^ Manuscript received November 28 ^ 1948 

Contribution from the Division of Chemistry^ I^ational Research Laboratorus Ottaua, 
Canada Issued as N R C No 1888 
* Chemist 
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SO far as it illustrates the general behavior of soap solutions in contact with 
finel> divided carbonaceous material. 

A survey of the literature reveals that only a limited amount of work of a 
quantitative nature has been reported on the adsorption of soaps by carbon. 

Froniageot and Wurmser (2) measured the adsorption of a number of organic 
acids and their sodium salts in aqueous solution on charcoal and found that the 
adsorption of the acid was appreciable and was alwa>s greater than the 
adsorption of the salt. The difference between adsorption of acid and of salt 
varied w idely ith the various organic radicals, thus the sodium salts of formic, 
acetic, succinic, and citiic acids were not <idsorbed .it all, whereas the adsorp- 
tion of sodium p\ruvate amounted to more than SOVt of that of the free acid. 
The> were unable to find an\ relation between the dissociation constant of the 
acid and the adsorption of the salt. 

I'rom measurements of the adsorption of various inorganic acids, salts, and 
bases in aqueous solution on purified low ash charcoals of both animal and 
vegetable origin, Miller (8) concluded that acids are adsorbed to a considerable 
extent, bases aie not adsorbed at all, and neutral s.ilts are not .idsorbed as 
siuh, although acid resulting troni their h>drol>sis is adsoibed. 

Mikuino (fi) measured the adsorption of potassium oleate in acpieous 
solution on a variet\ of adsorbents and concluded that carbon (Merck's 
animal charcoal) adsorbs a complex soap, whidi alwa\s contains an excess of 
fatty acid, even from initially alk.iline solutions. He points out that the 
presence of cat bon ma^ thus gieatl> promote the hydrolysis of soap owing to 
displacement of the h\drol>sis equilibrium. 

Mikumo (7) also measured the adsorfition of a series of saturated potassium 
soaps in absolute ahohol solution on charcoal (Merck’s animal charcoal 
purified with alcohol and ethei), and tound that the ad.sorption was in agree- 
ment with the Freundlidi equation (1) up to the “concentration ot aggregate- 
formation", the extent of adsorption increasing Avith increasing inolecul.ir 
weight ot the soap. 

Neville and Harris (9) nieasuied the pH of an aqueous solution of an olive 
oil soap after agitation with lampblack and filtering, and femnd that the 
filtrate was more alkaline than the original solution. 'rhe> attributed this 
increased alkalinit> to the selective adsorption of either free Litt> acid or acid 
soap by the lampblack. 


Experimental 

Materials and Methods 

The adsorbent used throughout these exjxiriments was uncompressed 
standard Micronex,* a channel black having a mean particle diameter of 
about 28 m/i. 

* Supplied by Binney and Smith Co., New York. 
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Scxliuni soaps of lauru, mynstic, palmilic, stearu , and oleic acids were 
prepared from Kahlbaum or Schuchardt fatty acids following the methcxl 
described by Powney (10) The melting point, acid number, and “percent 
purity” calc ulated from the acid number ot the fatty acids aie listed in Table I. 
The alcohol usc'd m the preparation of the soaps was freed from aldehydes by 
refluxing with powdered /me and potassium hydroxide, followed bv dis- 
tillation 


FABIL I 

ChARACII RISIICS or IAITY acids USI D in PRrp\RAriON oi soaps 


Acid 

MtUintf point, 

And No 

PurilN, 



Mfim KOH/gm acid 

1 

/( 

Inline 

n 0 

281 5 

100 5 

M>ristic 

53 0 

244 0 

on i 

raltnilic 

(i2 5 

210 .5 

08 8 

Stearic 

on 0 

lot) 5 

on 4 

Okie 


V)i 5 

07 t 


Distilled watei was used in the piepaiation of all aqueous solutions 

I he adsoiption of the fatt> ac id «ind alkali components ol the various soaps 
was determined 1)\ the following method except whcit otherwise noted 

\ I OOO gm portion of caibon black w<is weighed into a piexiousK warmed 
1(K) ml vacuum bottle, and agitated loi 10 min with 250 ml of sc)«ip solutum 
having the desired tcmpeiature and initial concentration, using a nuchameal 
shaking device \tier sh.iking, the susjx'iision was weighed, and hlteied 
unclci suction thiough three thukncssc‘s ol Whatman \o 12 hlter jiiper 
suppoited in .i covered, elcHtricalh heated Buchnci funnel I he hlter cake 
and hltiate weie each weighed, and an> loss in weight (due to evaporation ot 
watcT during filtration) was made up bv the addition ot distilled watei to the 
hltiatc 

\ 100 ml aliquot of the filtrate was taken toi analvsisanci a blank determin- 
ation was also c ariiecl out on 100 ml of the original soap solution lilteieci in the 
same wa> I he sc^ap solution was acidified with «in excess ot V 100 siilphuiic 
aeid, heated almost to bcnling, and cooled I he libcialcd lattv acid was 
extiaeted with thrc'c suecessive poilions ot clieth\l ethei which had been 
previouslv lendercd neutial bv distillation ovei sodium h\clio\ide 1 he 
combined ether c'xtracts weie washcNl once with w itei, the washings being 
added to the aeiueous lesidue liom the extinctions I he aque*ous jMxtion was 
boiled gentlv to c^xfnd dissolved ethe'i and titrated w ith V 100 sodium hv dioxide 
and phenolphthalein I he ethei was lemoved trom the extractcxl tattv acid 
by distillation, followed bv wanning on a boiling water bath The ic'sidue was 
then redissolved in neutral ethvl alcohol and titiated hot with V 100 
sodium hvdroxide .ind phenolphthalein 
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The adsorption of cither fatty acid or alkali is given by the formula x = 0.25 
(Co ~ C), where X is the quantity adsorbed in milliequivalents per gram of 
carbon, and Co and C arc the concentrations of the reference and equilibrium 
solutions respectively in milliequivalents per liter {M X 10""*). 

Where i^ercentage concentrations of fatty acid or alkali are used, these are 
expressed in terms of the equivalent weight of sodium soap. 

Preliminary Experiments 

A series of preliminary experiments was carried out to determine the extent 
of experimental error and hence to evaluate the probable accuracy of the 
method. 

Carbon . — A 0.4% susptMision of carbon in distilled w^ater at 70®C. was 
shaken for 10 min. and then filtered. Xo titratable amount of acid or of 
alkali was found in the filtrate. A similar test was c.irried out using 95% eth>l 
alcohol at 25°C\ in place of the water. Again no measurable amount of acid 
or alkali was extracted from the carbon. 

Tin foil.— It was obser\ed that the pure tin foil used to cover the stoppers 
of the vacuum bottles became dull after continued use, particularly w4th 
solutions containing excess alkali. In order to determine the effect on the 
adsorption values of any possible reaction with the tin, pieces of foil having an 
area equal to (i to 8 times that normally in contact with the solution whtc 
shaken with 250 ml. of O.OT^'J sodium hydroxide solution at 70®C. for 30 min. 
There was no detectable ch*inge in the (oruentration of the sodium hydroxide 
solution at the end of this time. 

Adsorption on filter paper. Errors due to adsorption of soap bv the filter 
paper during the filtration operation were investigated. It w.is found that the 
decrease in concentration of a 0,1% solution of sodium stearate after filtering 
was less than 1%. This is considered negligible and, in any case, is comiKm- 
sated for by filtration of the reference solution prior to analysis. 

Rate of adsorption The adsorption of fatty acid and alkali from a 0.1% 
solution of sodium stearate was determined for a range of shaking times varying 
from 5 to 80 min. It was found that equilibrium was established within the 
first five minutes and that no further adsori)ticm took place on longer shaking. 
Nevertheless, in order to allow an adequate margin of safety, a shaking time 
of 10 min. was adop^^ed for all subsc*quent work. 

Over-all errors . — Errors arising from all sources, which may include mechanical 
losst^s in handling, inaccuracy in measurement, effect of atmospheric carbon 
dioxide, and adsorption by glass and filter paper, were evaluated by working 
through the complete procedure using a 0.1% solution of sodium stearate, but 
omitting the carbon. The apparent adsorption obtained was 0.017 and 0.021 
milliequivalents per gm. for fatty acid and alkali respectively. This repre- 
sents an error in the adsorption data for 0.1% sodium stearate of 2.4 to 4.3%. 
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Effect of Soap Concentration on Adsorption 

The adsorption of fatty acid and of alkali from aqueous solutions of sodium 
laurate and sodium steaiatc of initial tonccntration varying from 0 01 to 
0 20% was measured at 70®C 1 he lesulls arc given in Pig 1 

The 1 reundlich adsorption equation (1) reduced to its simplest form ma> Ije 
written x = feC* or log x == log Jfe + » log C, wheit x is the amount of matciial 
adsorbed (millimoles per giam of caibon), C is the equilibrium concentration 
(M X 10“'), and k and n are exiierimcntally determined constants Since a 
plot of log X vs log C should give a straight line, it is apparent that the adsorp- 
tion of both the fatty acid and alkali components of these soaps over the 
concentration range investigated is in agi cement with the rrcundhch equation 



Fir 1 Adsorption of soap components 


1 he const iiit k is a measure of the relative mignitude of the adsorption at a 
fixed cciuilibrium conce iitiation, i e , in the piescnt case k repre'sents the ad- 
soiption in millimoles jiergiam of caibon when the equilibrium concentration 
is 1 X U) 'M Ihe constant n is a measuie of the rite at which adsorption 
mcicases with increasing cciuilibrium concentration The values of these 
constants ( I able II) thus clcsci ibe complc tel\ the adsoi ption ot each component 
of the soaps for the paiticular adsorbing material and solvent used, and for the 
concentration lange over which tht> ate applicable 

There is a greater adsorption of fatt> acid than of alkali from the initially 
neutral* soap solution I his is in agreement with the hndings of Mikumo (6) 
for potassium olcate, and also accounts for the increased alkalinity of soap 
solutions after contact ^Mth carbon noted b\ Neville and Harris (9) 

* The term **neutral" soap is used to indicate equivaltnce of the fatty acid and alkali 
constituents of the soap The aqueous solution is of course alkahni in reaction outng to 
hydrolysis of the soap 
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TABLE II 

VaLIIS OI THF adsorption CONSIANIS 



n 


Adsorbate 

Lomponeiil 

Solvent 

Sod. laiirate 

Fatty and 

W ater 

Sod. lain ate 

Alkali 

Water 

Sod. stearate 

Fatly acid 

Water 

Sod. stearate 

\lkah 

Watei 

Sod. hydroxide 
Laurie acid 

Steal ic acid 


Watei 
Mcohol 
All ohol 


Ktiuilibiium 



cone. raiiQe 



M X l0-» 

k 

n 

0 25 - 8 0 

0 008 

0 3L 

0 25 - 8 0 

0 053 

0 31 

0 00- 3 2 

0 105 

0 45 

0 25- 4 0 

0 210 

0 01 

0 08 23 \ 

0 ito 

0 20 

2 3 -22 0 

0 0095 

0 03 

0 0 13 0 

0 038 

0 10 


Effect of Chain Length of Soaf) on Adsorption 

The adsorption of laity acid and ot alkali from so,ip solutions of initial 
concentration 0.1 determined at 70®C. for the sodium soaps of lauric, 

myristic, p»dmiti( , stearic, and oleic ac ids. The results are j^iven in Fig. 2. 



Fif». 2. hffed of chum length of soap on adsorption. 


It will be obs(‘ived that there is an iiu reas(‘ m adsorption ol both fatty acid 
and alkali with iiureasmg chain length of the saturated so.ips. There is also 
a greater adsorption oi fatt\ acid than ol alkali in eveiy case, but this difTerence 
is greater for the longer ch.iin soaps than lor the shorter. 

It is well known that the prescMic'e of the double bond in sodium ole.ite 
results in a shortening of the etfective chain length. This is confirmed by the 
present data since the adsorption ot both tatty acid and alkali from sodium 
oleate solutions lies between the corresponding adsorptions from sexlium 
m>ristate and sodium palmiUite. On the basis of these data the effective 
chain length of sexlium oleate is approximately 15 carbon atoms. 
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Effect of Temperature on Adsorption 

The effect of teinix?r«iture on adsorption at 0 1% initial concentration was 
determined for the sodium soaps of lauiu , steam, and oleic acids (Table III). 
There api^ars to be slip^ht dec rcase in adsorption of both components of the 
soaps with me leasing tempciature, but the effect of temiKTature is small and 
in most cases scarcely greater than the probable error involved in its cleteimin- 
ation. 

lAHLl III 

Lmcr OF 1IMI*1R\IIRI ON ADSORPIlON 


Soap 

Component 

Adsorption, niillimolc s/grn carbon 

30°( 


70°C 

sox 

Sod laurate 

Falt\ acid 

0 101 

0 no 

0 104 


5)od liuratc 

Aik ih 

0 im 

0 CM) 

0 OSO 


Sod ste irale 

Fatl> leul 



0 513 

0 488 

5k>d stearate 

\lkali 



0 321 

0 307 

Sod oic.ile 

Fatly Kid 

0 3S2 

0 372 

0 15> 


Sod olcatc 

1 

WUh 

1 

0 222 

0 202 

0 102 



Adsorption of Alkali* 

The adsoiplion of sodium h\clrc)\icle fiom aque^ous solution at 70®( ^\as 
measuicd <it inituil concentiations vaning liom 0 005 to 0 U/t Ihe method 
was the same as \vas used foi the cleteimination ol .ilkali adsoiption from soap 
solutions, c"\iej)t that the t ther c‘\ti«u tion \\as omitted It will be seen (1 ig. 3 



EQUILIBRIUM CONCN MXIO'^ 

Ficj 3. Adsorption of sodium hydroxide 


and Fable 11) that the adsorption of sodium h\dro\ide is in agiecmcnt with the 
hreundlich equation ovei the conccMitiation range studied I his is in contiast 
to the hndings of Millei (8) who leported no adsorption ot sodium h\dro\ide 
from aqueous solutions In puiihed chauoal 

The clis«igieement lietweeii the present data and those* of Millei can probably 
be attiibuted to the presc'uce of matciials othei than c hemic alh pine carbon 
contained in the cat bon black Millei has suggested that the discordant data 

* A second haiih of standard Mteromx was used for this and suhsiqiunt work Adsorption 
values obtained with this material wire somewhat hiKhfr than those obtained with the prtiiously 
used material 
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relative to the adborplion of alkali bv tarbon icportod in the literature prior 
to the time of his writim? are due to the piesence of adsoibed adds on the 
<aibon, and that the obscived rediution in roncentiation of the solution after 
(ontact ^Mth carbon is due to neutralization of these' adds, rather than to 
tine adsorption 

Howevei, since no attempt was made tc^ puiif> the c.irbon black used in the 
piescnt work, this mate rial ( annot be ( ompaied to the hiu^hh purihed ( hai coals 
used b\ Millci While pai t of the obsei ved ( onsumption ol alk.di may possibly 
be due to neutnili/ation ot small amounts of acid (ontained in the carbon, the 
slojx' ot the curve in 1 iij 3 induates that adsoii)tion ot In dioxide by some 
constituent ot the caibon black has taken place Had the c onsumpticm of 
.dkali bc'en clue entire^ to ncutiah/ation, the cuivc obtained would have been 
a straight line parallel to the c one entiation axis 

I his \ lew wasconhrmc'cl b\ altc'mpts to mcasuie the amount of .u id contained 
in the c.irbon b\ the method i>i\c'n b\ Millei (tS), in which a wenched amount 
of eaibon is boilc'd with a known volume of stand.iicl sodium hydroxide 
solution, tiltered, v\.ashed thoroughh , and the h>clioxide in the filtiate titiated 
with standaid acid It was tound that the value lor the amount ot .icid 
cont.iined in the carbon uuk iscd with iiu leasing concentration of the sodium 
ludioxide solution used Ihis elcaih indicates that the lemoval of hvdioxide 
tiom solution is due, in part at least, to adsoiption 

Adsorption of '' Vnbalanted'* Soaps 

Ihe teiin “unbalanced” is used todesciibe solutions in which the fatt\ acid 
and alkali components of the soap are not jiresent in equivalent piopoitions 
lor this woik, batches ot sodium lauiate and sodium stc'.ir.ite wett preparcnl 
containing appioximateh 15^ J excess tatt> acid, i e , in the prefiaiaticm ot the 
soap onl\ 85^0 ot the fatt> acid was neutr.ili/c'd with sodium h> dioxide 
Solutions containing Icjwei amounts ot excess fatt\ acid and vaiMiig amounts 
of excess alkali were prepaicd 1)> adding to a solution ot the above “acid” soap 
the icquircd amount ot sodium hvdioxide solution 

Solutions containing anv aiifiiec lable excc'ss of fatt> acid wcie quite cloudy 
owing to the presence of sustKiided fatt> aeid or acid soap, and on filtering, it 
w.is found that a small amount ot the tattv acid (approximatch 2% of the 
excess) was retained b> the tiltcu paper 1 his would Uxid to some error in 
dc tei mining the eoncentration Co of the reference solution On the other hand, 
hltiates from thc'sc' solutions after shaking with caibon weie perfectly clear, 
and wc're found to contain an excc'ss of ilkali, indicating that all of the exeess 
tattv acid had been removed b\ the carbon The loss on hltration of such 
solutions was shown pieviouslv to be negligible In view of these consideiations, 
hltration of the lefeience solution was eliminated throughout this section of 
the work 

The adsorption of fattv acid and alkali from scKlium laurate and sodium 
stcxirate solutions at 70°C' was measured for solutions containing initiallv 



WEATHURBVKN ET AL,: THE ADSORPTION OF SOAP BY CARBON BLACK 


187 


0.1% of neutral soap and varying amounts of excess fatty acid or of alkali. 
The results are given in Fig. 4. 

In comparing the curves for fatty acid and alkali adsorption, it may be 
assumed that the lower of the two curves at any point on the abscissa represents 
the adsorption of neutral soap (or at least the adsorption of fatl> acid and 
alkali in equivalent proix)rtions), while the difference between the two curves 
represents the preferential adsorption of either fatty acid or alkali, depending 
on the relative |K)sitions of the two curves. On this basis it may be concluded 
that the adsorption of neutral soap is not influenced by the presence of varying 
amounts of excess fatty acid. It is probable that only the tatty acid actually 
in solution can influence the adsorption of neutral soap, and once the solubility 
limit has been reached, further additions of fatt\ acid have no efTect. On the 



MOLES % MOLES % EXCESS ALKALI 

EXCESS ACID 

Fki. 1. Adsorption oj companenls of unbalanced soap^. 


other hand, the sus|HMided fatty acid (or acid soap) is readib adsorbed by the 
carbon, as is shown bv the rapid increase in adsorption with increasing amounts 
of excess fatt> acid. 

In the presence of increasing amounts ol excess alkali, the alkali adsorption 
increases gradualK while the fatty acid adsorption tends to decrease. In the 
case of sodium laurate the two curves cross at about 2 mole % excess alkali, 
but with sodium stearate a preferential adsorption of l«itty acid is indicated 
until about 80 mole % excess <ilkali is reached. 

Adsorption from Alcoholic Solution 

In these exj^eriments the soap was dissolved in freshly distilled 95% ethyl 
alcohol. The adsorption determinations were carried out as for aqueous 
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solutions except that after nieasurenient of the aliquot of filtrate the alcohol 
was distilled off and was replaced by an equal volume of distilled water. The 
adsorption of sodium laurate at 0.1% initial concentration and of sodium 
stearate at 0.05 and 0.1% was determined at 25°C". A similar series of ex- 
periments was carried out in which absolute alcohol and dried reagents were 
used, and exposure to atmospheric moisture was limited to the filtration period. 
The results are given in Table IV, in which the corresponding values for 
aqueous solutions are also included. 


'FABLE IV 

COMTARISIIN or ADSORPTION OF SOVP 1 ROM AQL I OT S AND AI COMOLIC SOLDIION 





^ Adsf)rption, millinioles/gni. carbon 



Initial 



— 



cone., 



Absolute 



t 

( 

\(iiieous 

05^ f alcohol 

alcohol 

Soap 

C'oniponent 


solution 

solution 

solution 

Sod. lauralc* 

Fatt\ acid 

0 J 

0 i!)r) 

0 011 


Sod. lain ale 

Alkali 

0 1 

0 1S2 

0 135 


.Sod. ‘'learale 

Fdtt^ a< id 

' 0 05 


0 025 

0 020 

Sod. sK'aiale 

Alkali 

0 05 


0 085 

0 087 

Sod, stearate 

Fatt\ aiid 

0 1 

0 71!) 

0 03() 

0 032 

Sod. stearate 

Alkali 

0 1 

0 485 

1 

0 097 

0 103 


The data show that the adsorption of both fatty acid and alkali is con- 
siderably lower from alcoholic solution than from aqueous solution, particularly 
in the case of sodium stearate. Furthermore, the jireferenti.d adsorption of 
fatt> acid obstTved with aqueous solutions does not occur with alcoholic 
solutions, there being, on the contrary, a preferential adsorption of alkali in 
the latter case. 

The results olitained with absolute alcohol are not significantly different 
from those obtained with 95% alcohol, indicating that the jiresence of small 
amounts of watei has no measurable effect on the adsorption. 

'Fhe adsorption of free lauric and stearic acids from 95% alcohol .solutions 
of varying initial concentrations was also determined at 25®("., the data being 
given in Table 11 and Fig. 5. 


Discussion 

Two possible mechanisms for the adsorption of soap from aqueous solution 
b\ t arbon may be |X)stul.ited, viz.: (a) neutral soap is not adsorbed as such, but 
the products of h>drol>sis are adsorbed [this view is expressed by Miller (8) 
in relation to the ad.sorption of inorganic salts]; {b) neutral soap is adsorbed as 
such and, in addition, the hydrolytic products are also adsorbed, each adsorp- 
tion taking place more or less independently. 



WEA2}JERBUm ET AL : THE ADSOkPTION OF SOAP BY CARBON BLACK 


189 


If only the hydrolytic products are adsorbed, suppression of hydrolysis 
should lead to a marked reduction in adsorption. It was hoijed that measure- 
ments of the adsorption of soap from akoholic solutions mij^ht throw some 
light on this point since hydrolysis is completely' sup[)ressed in solutions 
containing 40% or more of cth>l alcohol (3, 11, 12). While it is true that a 
marked reduction in the adsorption of soap occurred when alcohol \v<is used 
in place of water, it was found that the adsorption of tree fatty' acid from 
alcoholic solution was «ilso very low (Fig. 5). It is probable, therefore, that the 
decreased adsorption of soap from akoholic solutions as (‘ompared to that from 
aqueous solutions is not due entirely to the suppression of hy'droly sis by alcohol. 



EQUILIBRIUM CONC'N. M XIO*^ 

Fki. 5. Adsorption of fatty attds from nhohol solution 


Fiom adsorption measuiemeiits in aqueous solution (I'ig. 4) it is apparent 
th.it an excess of fiee alkali lauses a decrease in the adsorption ol tatt\ at id. 
McB.iin and Martin (5) h.ive toncluded th.it the piesente ol 3 to 1% excess 
sodium hydroxide is siiflit ient to suppress completely the h\drol\sis of sodium 
]).ilmitate in 0.1% .iqueoiis solution at 90°C. It is reasonable to assume that 
the decrease in fatU acid adsorption observed is due in part .it le.ist to the 
suppiession of h\drol\sis by the excess alkali, since neutral so<ip is piobabh' 
adsorbed less re.idih than !s the h\droly tit fatt\ acid (2). On the other hand, 
even in the presence of 100 moles % excess alkali there is still an .ippreciable 
adstirption of latty' at id, and it must thereftire be concluded that this fatty 
acid is adsorbed in the form of neuti.il soap molecules. This indit.ites that 
the mechanism of adsorption from aqueous solution is a tombination of 
adsorption of neutral soap and h\drolytic fattv at id. In the presence of 
increasing amounts ot excess tatty acid the adsorption of neutral soap remains 
essentially t'onstant \thereas the adsorption ol tatty’ acid increases rapidly 
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(Fig. 4). This would indicate that the adsorptions of the two species take 
place more or less independently of each other. 

From measurements in alcoholic solutions Mikumo (7) found that the value 
of the constant n in the Freundlich equation was essentially constant for all 
soaps examined. On the other hand, the present data for aqueous solutions 
(Table II) indicate that the value of n varies with different soaps. The 
difference in the two cases may lie attributed to the effect of hydrolysis. In the 
case of alcoholic solution, since hydrolysis is suppressed, the value of n is 
determined only by the adsorption behavior of the neutral soap. With- 
aqueous solution the value of n for the fatty acid adsorption curve is dependent 
on the adsorptive characteristics of neutral soap, and also on those of the 
hydrolytic fatty acid. Since the degree of hydrolysis varies with different 
soaps, it is to be exjx^cted that the value of n will also vary. 

Further confirmation of this view is to be found in the data shown in Fig. 2. 
If the alkali adsorption curve in this figure is taken to represent the adsorption 
of neutral soap and the difference between the two curves to represent the 
preferential adsorption of fatt> acid, then it follows that not only does the 
total adsorption of fatty acid and alkali increase with increasing chain length, 
but the difference between the two, representing the adsorption of hydro- 
lytic fatty acid, also increases with increasing chain length, i.e., with increasing 
degree of hydrolysis. 

It is thus to be concluded that the second of the two mechanisms postulated 
is the correct one. The carbon particle with its adsorbed soap film ma> be 
likened to a micelle of arid soap of variable composition having a carbon 
particle as a nucleus. Whether this process is considered .is adsorption of 
soap by the carbon or as ‘‘solubilization*' of carbon by the soap would seem to 
be dependent only on the relative amounts of the two substaiues being 
considered . 

Referring again to the adsorption measurements in alcoholic solution, it will 
be seen that the total adsorption is relatively low, and that there is a small but 
significant preferential adsorption of alkali. This suggests that some splitting 
of the soap molecule into its ( omponent parts must occur even in absolute 
alcohol solution. Theoretically this might be due to simple hydrolysis since 
traces of moisture were undoubtedly present in spite of attempts to maintain 
the system in as dry a condition as possible. However, hydrolysis is believed 
to be suppressed completely in alcohol solution and this claim is confirmed by 
the fact that adsorption values obtained using 95% and absolute alcohols as 
solvents were not significant!} different. If the splitting of the soap molecule 
is to be attributed to reaction with water, the adsorption figures for solutions 
containing 5% of water should be noticeably different from those for solutions 
containing only a trace of water. 

The other alternative is reaction with the alcohol itself, viz., alcoholysis. 
Such a reaction would have to take place to only a slight extent in order to 
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account for the experimental data, since the equilibrium would be displaced 
owing to adsorption of the reaction products. In order to explain the ex- 
perimental data it would then be necessary to assume that sodium h>droxide 
is more readily adsorbed than either sodium stearate or ethyl stearate, from 
alcoholic solution. 

From the data for fatty acid and alkali adsorption it is j)Ossible to calculate 
the composition of the adsorbed material in terms of the molar ratio of excess 
fatty acid to neutral soap (the neutral soap term may include, in addition to 
neutral soap, free fatty acid and sodium hydroxide, products of hydrolysis, in 
equivalent amounts). The effects of initial composition of the soap solution, 
chain length of the soap, and temi)erature, on the composition of the adsorbed 



EXCESS ACID 

Fi(» 6. Composition of adiorbtd material 

material are shown in Figs. 0, 7, and 8. From these data there appears to be 
no indication of the formation or adsorption of acid soaps of a constant 
composition. It is interesting to note (Fig. 6) that the addition of lauric acid 
to sexlium laurate, which is a slightly hydrolyzed soap, causes a rapid change 
in the composition of the adsorbed material. On the other hand, the addition 
of stearic acid to sexlium stearate clauses a much smaller change in the compo- 
sition of the adsorbed material. Sodium stearate is strongly hydrolyzed; 
consequently there is a considerable amount of hydrolytic fatty acid present 
in the initial solution and the addition of more fatty acid has much less effect 
than with sexlium laurate, where the amount of hydrolytic fatty' acid is low^ 
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The effect of temiierdturc on the conjposition of the adsorbed material (Fig. 7) 
can be explained on the basis of Indroljsis, .since the degree of h>drolysis 
increases with increasing tenn)erature (4). 


O 



TCMPEIIATURE •> ^C. 

Fig. 7. Kffed ol temperatun on tom position of adsorbed mater uiL 

The data given in Fig. S m«i\ «iIho he explained on the basis of Indrolysis. 
In general the degree of h>(lrohsis iiu reases with increasing chain length of 
the soap, and consequenth adsorbed films ol the higher soaps contain a greater 



Fig. 8. Efficl oj chain lenf^th oj soap on tomposition of adsorbed material. 


proportion ol free fattv acid than do those of the lower soaps. The explanation 
of the apparent disc rep,inc\ in the palmitate and/or stearate valuc‘s is probably 
to be found in the h>drolylic behavior of these* soaps. Tnder certain conditions 
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sodium palmitale may be more strongly hydrolyzed than sodium stearate, e.g., 
at 25®C. a 0.002 N solution of sodium palmitate is 15.8% hydrolyzed, whereas 
sodium stearate vsoliition of the same eoneentration is only 10.0% hydrolyzed 
(4). While data are not available for the hydrolysis of ihcsii soaps at 70°C., it 
is conceivable that at the particul.ir temperature and concentration emfdoyed 
the hydrolysis of sodium palmitate may exceed that of sodium stearate. 
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COLLABORATIVE ANALYSIS OF WHEAT, OATS, AND BARLEY 
FOR THIAMINE AND RIBOFLAVIN^ 

By E. Y. Splnci r,^ A. D. Robinson,* L. W. McIuroy,^ J. Kastklic® 


Abstract 

In ihc anal>sis of v^heat, oats, and barley for thiamine and riboflavin by three 
collaborating laboratories an attempt was made to reduce intcrlaboratory 
dilTerenc es to a minimum bv the establishment of a standardized procedure. The 
thiorhroine and fluoronietric methods were used tor the thiamine and riboflavin 
dt Urniinations respecti\ tly It was apparent that even after steps had been ^ken 
to standaidize the assay procedures, small but consistent and significant inter- 
laboratorv errors existed Calculations indicate that ditterences of the order of 
10 to 12' I in nu an assay values were necessary before s<imples could be considered 
dilftrtnt with respect to then thiamine or riboflavin content. 


Introduction 

Experience has shown that different laboratories, anahzing: the same samples 
of biological mateiial for thiamine and riboflavin, may gel results showing a 
wide variation 'I'hus, reports of the National Check Sample Committee of the 
American Association ot Ceieal Chemists (1, 4, 5) show that the mean values 
found b\ the co-operating laboiatories ranged from 5 28 to 8.20 mRHi. per gm. 
foi thiamine m the six 1943-11 check s*imples, fioni 4 28 to 5 37 per gm. 
for six 1944-45 check samples, and fiom 3 09 to 5 31 per gm. for six 
1940-47 sample's. The results for riboflavin in the 1940-47 samples rangc^d 
from 1.77 to 3 70 ^Rni. pei gm. 

Obviousb \\hen such vaiiations are possible, lesults from different labora- 
tories cannot be leadily compaied. The laboratories of the (\inadian prairie 
universities were conducting vitamin survc>& of grains grown in their respective 
provinces, and it was desirable that the results should be c omj)ar«ibIe. It was 
thought that if the same methcxls were used in dilferent laboiatories, and if 
each step in the two prex^edures w\is standardized iigidly, it might be possible 
to obtain results agreeing much more closely. Accordingly, the three co- 
oixrating laboratories initiated the study, the lesults of which are reported 
herein. 

Methods and Materials 

The method adopted for the thiamine assa> was essentially the thiochrome 
procedure as outlined by Hennessy (3). Incubation with takadiastasc followed 
the acid digestion. The initial digestions were done in 100 ml. volumetric 

1 Manuscript received in ongmal form September 13, 1948, and, as revised, December 37, 1948, 
Contribution jrom the Chemistry De^rtment, University of Saskatchewan, Saskatoon, 
Sask , the Department of Chemistry, The University of Manitoba, and the Department of Animal 
Science and the Nutrition Laboratory, University of Alberta, Edmonton, Alberta, with financial 
asi Manet from the National Research Council of Canada, Published as Paper No, 363 of the 
Assotiate Committee on Grain Research of the National Research Council, 

Associate Professor of Chemistry, University of Saskatchewan, 

* Associate Professor of Chemistry, The University of Manitoba, 

* Associate Professor of Animal Husbandry, University of Alberta, 
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flasks to avoid possible loss in transferring the mixtures. Greater ease and 
uniformity of percolation were obtained when the adsorption columns were 
prepared by pouring Decalso into exchange tubes which had just been filled 
with water. The thiamine was removed from the Decalso by eluting with hot 
potassium chloride solution. The oxidation of the thiamine to thiochrome 
with alkaline ferricyanide was facilitated by injection of the oxidizing agent 
into the thiamine eluate by means of a hypodermic syringe. 

Chemicals with low fluorescence were used to keep blank readings at a 
minimum. Several lots of anhydrous sodium sulphate were rejected for this 
reason. Initially, aliquots from the same batch of Decalso and quinine sulphate 
were used by the co-oi>erating laboratories. New lots of chemicals were 
checked with the ones formerly^ used. 

Calculations were made by comparing the sample readings with those for 
external standards, that is, an aliquot of pure thiamine hydrochloride solution, 
subjected to oxidation and extraction with isobutanol, but not to the earlier 
steps of the proc'cdure. These standards were tested daily, with the weekly 
average being used for the final calculations. Duplic.ites were done on 
successive days. Assi\s which differed bv more than 3% from the mean of 
that sample were refx'ated. Since exhaustive tests levealcd that recovery of 
thiamine from samples using this procedure is onh 91%, in an external 
standard, the results were theretore adjusted for 91% recovery. Each labora- 
tory used a Coleman Electronic Photofluorometer, Model 12, for measurements. 
Readings oi stand.ird solutions were checked between laboratories. 

The method adopted for the assay of riboflavin w^as essentially the fluoro- 
metric one reported by Andrews (2). Initial acid digestion was followed by^ 
takadiastase hydrolysis Further purification w.is obtained by adsorption 
of the riboflavin on Florisil The preparation of the adsorption columns was 
modified to the extent that a hot water suspension of Florisil was added to 
the exchange tubes. A measured volume — 0 25 ml. — of ke-cold solution of 
sodium hydrosulphite and sodium bicarbonate was used instead of sodium 
hy drosulphitc crystals. An external standard ot riboflavin in pyridine - acetic 
acid solution was used for comparison, rather than one obtained by adding 
riboflavin to the sample. Duplicates were done on successive days. A slightly 
gre.iter margin of error was allowed than was permitted for thiamine since the 
riboflavin content ot cereals is considerably' smaller. 

In order to standardize a method for the three laboratories common samples 
of wheat, oats, and barley of the 1945 crop were used. These w'cre ground 
in one of the laboratories and aliquots distributed. The collaborative methcxl 
for thiamine and riboflavin was then employed to assay 59 wheat, 47 oat, and 
46 barley samples of the 1916 crop which had been grown in the three provinces. 
These samples were obtained from University test plots, Experimental Farm 
and Illustration station plots as well as from Junior Grain Club plots, and w^ere 
pure strains. They were widely distributed, being grown on dark brown, 
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black, light brown, and gray soil types. The samples were ground in the 
province of origin And portions distributed to the other two laboratories. 
Moisture was determined by the 130®(\ air oven method. 

Results and Discussion 

Results are reported in micrograms per gram at a 13.5% moisture level. 
The mean values shown in Table I, obtained from the three laboratories, 
indicate the following range observed in thiamine and riboflavin content of 
samples of wheat, oats, and barley grown in different locations in the prairie 
provinces. There appears to be a high correlation between the f)rotein and 
thiamine content. This is borne out by results from one of us (E.Y.S.) on a 
much larger number of wheat samples. Correlations in this last surve>' are 
also being made between thiamine and variety' and soil t\pc. 


TABLE I 

R\\(ir or IIIIAMINF AND RlBOrLVMN CON 1 1* NT OF Cl'RCALS 


Cercdl 

No. of samples j 

'I hiatnine, yL^ixx. /gm. 

^0 Protein* 

Kib()fla\in, /xgm./gtn. 

Wheat 

1 

59 1 

3 48 (i 3o 

8 7 • It) 9 

0 9t-l 47 

Oats 


4 75 !» 35 

10 3- 15 9 

0 99-1 01 

Barley 

17 

2 89 - (i 32 

8 7- 14 9 

0 90 - 1 03 


* Protein values are Jor the respective ^amplesi containing, the least and moU thiamine. 


Table II indicates the mean, mean deviation, and standard deviation within 
laboratories and sum of differences from the mean of the three laboratories for 
the three cereals. 

An analysis of variance for the thiamine and ribofl.ivin data from the three 
laboratories is shown in Table III. 

This analysis shows that, with the exception of thiamine in oats, the F 
values are highl> significant for variance attributable to the results obtained 
at different laboratories. 

Minimum significant sample and interlaboratory differences between samples 
and laboratories were calculated at the 5% level anri are included in Table IV. 

It was found that, for thiamine in wheat and barley, differences in the results 
obtained in laboratories B and C were not statistically significant, while those 
obtained at laboratory A were significantly lower. In the case of riboflavin, the 
results from laboratory A were significantly lower for wheat and oats, while, 
for riboflavin in barle> , the results from laboratory C were significantly higher 
than those from the other two. It is thus apparent that even after steps were 
taken to standardize the assay procedures and, as far as possible, the equip- 
ment in the collaborating laboratories, small but consistent and significant 
interlaboratory errors existed. As indicated above and in Table II, this was 
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TABLE II 

Summary of vitamin assays 


/xgtn./gm. 



Thiamine assays 

Riboflavin assays 

Lab. A 

Lab. B 

Lab. C 

'I'hree labs. 

Lab. A 

Lab. B 

Lab. C 

Three labs. 


Wheat 


Mean 

4.41 

4.79 

4 73 

4.64 

1 08 

1 17 

1.15 

1.13 

Mean deviation 

0.08 

0.13 

0.14 


0 03 

0.04 

0.02 


St. deviation 

Sum of differences 

0 44 

0.54 

0.5G 

0.57 

0.08 

0 15 

O.ll 

0.15 

from mean 

-13.82 

8 58 

5.18 


-3 35 

2 49 

0.95 



Oats 


Mean 

6 

86 

6 

8(i 

6 95 

6 89 

1 

27 

1.32 

1 33 

1.31 

Mean deviation 

0 

10 

0 

12 

0.12 


0 

04 

0 05 

0 03 


St. deviation 

1 

45 

1 

28 

1 36 

1.37 

0 

18 

0.12 

0.19 

0.14 

Sum of differences 












from mean 

-1 

51 

-I 

,21 

2.77 


-1 

78 

0.54 

1.14 



Barley 


Mean 

4 34 

4.50 

4 59 

4 47 

1 27 

1 25 

1 32 

1.28 

Mean deviation 

0 08 

0 12 

0 10 


0.04 

0 05 

0 02 


St. deviation 
•Sum of differences 

0.60 

0 71 

0 75 

0 74 

0 22 

0 16 

0 22 

0.19 

from mean 

-7 00 

1 55 

5 55 


-0 3U 

-1 55 

1 94 



TABLE III 
Analysis of variance 


V'^ariancT 
due to 


Thiamine 

Riboflavin 

Hegrees of 
treedom 

.Mean .square 

Degrees of 
freedom 

Mean square 


Wheat 

Labs 

Samples 

Labs X samples 
Error 

Total 


2 

58 

116 

177 

353 


2 

59 

118 

IW 

359 


0.30** 
0 05** 
0 013** 
0.004 


5 01** 
1 .29** 
0.17** 
0.052 


Barley 


Labs 

2 

1 

1 

01** 

2 

0 13** 

Samples 

46 

2 

92** 

46 

0.20** 

Labs X samples 

92 

0 

il** 

92 

0 on** 

Error 

141. 

0 

041 

141 

0.005 

Total 

281 



281 



Oats 


Labs 

2 

0 58 

2 

0.10** 

Samples 

45 

10.95)** 

45 

0.1.5** 

Labs X samples 

tK) 

0.31** 

90 

0.02** 

Error 

138 

0 047 

138 

0.005 

Total 

'275 


275 



Sii^nificant beyond the 1 % levels 
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due largely to the fact that assay values obtained at one laborator}' were, 
with the exception of those for thiamine in oats and riboflavin in barley, 
consistently lower than those obtained at the other two laboratories. 

TABLE IV 

Minimum sictNiiicant i)Im*ere\ces 




Thiamine 


Riboflavin 


.Samples 

Laboratories, 

Samples 

Laboratories, 


jugin./gm. 

( 

1 

/igm./giii. 

/igm./Rm. 

r' 

0 

MRin./gm. 

Wheat 

0 48 

10 3 

0 11 

0 13 

11 5 

0.03 

Oats 

0 38 

8 5 

0.10 

0 10 

12 3 

0 04 

Barley 

0 ()4 

9 2 

O.JO 

0 12 

9 4 

0 03 


It is shown in Table 111 that the F values for variance due to samples were 
highly significant even though the variance for the interaction between 
laboratories and samples was used as error. 'Phis w'as anticipated, since the 
samples varied with respect to origin and variety. 

Thus the results of this study, in which duplicate assays were done on 
successive da\& in three collaborating laboratories, show' that after taking into 
account intralaborator>^ error and the interaction between laboratories and 
samples, difTerences of 8.5 to 10.3% and 9.4 to 12.3% were necessary before 
samples could be considered diflferent with respect to content of thiamine or 
riboflavin respectively . 

A direct comparison between results cited (I, 4, 5) and those reported here 
is difficult. The large range in thiamine content vshowm in Table I contributes 
a disproportional amount to the magnitude of the standard deviation so that 
the coefficient of variability as used in the 194()-47 report of the Check Sample 
Committee (1) cannot be employed for comparative purposes as a measure of 
precision. How^ever, examination of the minimum significant differences in 
Table IV indicates that an improvement in precision by collaborating groups 
has been achieved. 
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PRODUCTION AND PROPERTIES OF 2,3-BUTANEDIOL 

XXXI. PILOT PLANT STUDIES ON THE FERMENTATION OF WHEAT 
BY AEROBACILLVS POLYMYXA' 

By a (' Bi \CKW00D,* J A Whi vt,* ] D Iisiii ' 

G A Lni)tNGHAM,‘ AND I J SiMPSON’ 


Abstract 

In this pTptr ire clcscnlxd the construction ind operition of a pilot phni in 
which A\holc >\hcat mTshcs were successfullv fermented by Aerobactilus polymyxa 
A yield of 8 0 lb of leio 2 3 butancdiol and 5 9 lb of ethanol per bushel of whe it 
wis obt lined whieh is a ferment ition eftiiicncy of *)OYf The best forme ntitions 
were obtained at 32°C using a mash buffered with caleium eirbonite 
\gitdtion increased the fermentation effieiency it 9b hr but cloerc ised the 
diol to ethanol ritio Reduced pressure did not change the e the ienc\ but 
mirkcdly reduced the ritio of diol to ethanol Xerition had little effect The 
presence of eonlinunation organisms was highly detrimental and it was neces^irv 
to sterili/e the mish vessels and piping Mthough i bieksteHrking technique 
eould be practised in the pieiiarition of inoetilum, frequent recourse to stock 
cultures or impioved strains was found advisable for muntenanee of high Melds 


Introduction 

Laboratoiy studies on the pioductum of 2 »i-butancdiol (subsequenth 
rcfeiied to as diol) b\ the ieimcntaiion of wheal with Aerobacilliis polvmwa 
were begun in these laboratories in 1942 Keen intciist in the eheniu il and 
ph\sieal proiierties ot this tour carbon compound and its |)ossible coninurcial 
use *is a f)rcc ursor tor butadiene and as an antifreeze (5, b S 10) ni ide it 
advisable to continue production and recovei\ studies bc>ond the laboiator\ 
stage Wartime shortages ind unavoidable dela\s prevented ojx ration ot the 
pilot plant until earl\ in 1941 \ small scale picxluction unit was howc\er, 

in operation befoie this time (11) I he data and experience obtained were 
applied to the laiger pilot plant 

The objec t of the work was to de termine the > lelds obtainable under optimum 
pilot plant feimentalum conditions, and to pioducc material toi rccovei\ 
studies Ihc basic fermentation rcquiienients had been inxestigated and 
rejKirted prc\iousl> (1, 2, 3, 4, 12) Whole wheat, when sterilized and buffered, 
had been found to be a satisfactore substrate, and laboiator\ methcKls ot 
preparation were modified for pilot plant work ( onsiderablc difhcult\ was 
experienced m obtaining noncontaminated fermentations but methods of 
steiilizing the mash, cooker, fermenters, and piping and of maintaining them 

^ Manuscript received Noiembtr 20, 1948 

Contribution from tht Dnision of Applied Biolof^y, Isational Research I aboraiories, 
Ottawa, Canada Issued as Paper No 72 on the Industrial L tilization of Wastes and Surpluses 
and as NRC ^o 1887 

^ Bacteriologist, Industrial I tilization Inu stigatwns 
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Sterile wcic developed A vigoious strain from initial isolations was selected 
and throughout pilot plant ^\ork new selections fiom this and other strains 
weie made I he results of uuculum studies in the laboratory were applied 
to pilot plant work and adjusted to routine conditions When these basic 
rcquiiements had been met the effects of various fei mentation conditions 
were investigated I his papei deals onh with the lermeiitation aspects of 
the pilot plant stud> while an earliei pajier (13) is concerned with lecoveiy 
studies 


Equipment 

I he equipment consisted of stoiagc bins, grinding and weighing apparatus, 
slurr>ing equipment, a hrge and a small cooker, two progagatois, two fei- 
menteis, and a l>cer wc 11 A mash c oolei was available but was not alwa^ s used 

riie stoiage bins were c oust nu ted oi wood and sectioned to provide space 
foi grain, malt, ind calcium c irbonate I he giain was gioiind in a small 
Gree\ attrition mill with an adjustable grind and a capacity of 12 5 bii jiei 
hr Scieen .inahses ot the giound giain showed coaisei than 10 mesh, 
62% between 10 ind 20 mesh, 22^ c between 20 and 40 mesh, and 12% hner 
than 40 mesh with 2Vc passing 100 mesh I he weighing hoppei of 1000 lb 
capacil> was made of galv ini/ed shec't mental with sloping sides Some of the 
ground giain stuck to the sides but a staiid.ird vibialing mechanism would 
eliminate this objec tionablc feat me 

\ diagram of the cooking ind feimenting equiimunt is given in 1 ig 1 
Ihe sluirMiig tank w«is ippioxim itel\ 2 ft in diametei *ind 2 5 ft high with 
a eapaeit) ol 50 gal * \gitation was provided b> two 7 in projxlleis spaced 
8 in apai t drive n at 383 r p m \ 4 in screw eonvevor lotating at 1 1 lip m 
earned the giain fiom the weighing hopiier to the sluirving link it a late ot 
510 lb jiei hi Water was metered manualh to the tink, the latc was 
measurcMl In a rotametci and total flow b> a rotarv piston metei Ihe 
resulting sluriv was puniixd fiom the tank to the tops of the eookeis with an 
open imjielltr centiilugal pump 

The cookers wen* upiight cvlindiaal vessels made of mild steel 1 hen 
conical bottoms weie htted with riclial steam spargeis with an additional 
sparger immediateK above the bottom disc haige v live Ihc laigeeookei had 
a capicit> of 800 gal It was equipped with a veitieal lakc igitator diiven at 
12 1 pm with the lakes spaced at 12 in intcivals in a spiral airangement 
Th'* sluii> teed pqx* e\tendc*d some distance into the cooker to prevent the 
mash fiom splashing on the walls of the vessel above the liquid level The 
small cooker had a capacity of 50 gal and was htted with a no/zle mounted 
prop(*llei mixei , cliiven at 1725 r p ni J he cooked mash was blown b> steam 
pressure through a pqx* which extended from the bottom of the cookers, 
through the top, and then to the fermenters and propagators 


* Imperial gallons are used throughout. 





202 


CANADIAN JOURNAL OF RLSLARCH VOL 27, SEC F 


The two teimenlcis, identical in design, were of the deep vat, dosed type. 
Their total capacity was about 750 gal , and a mash volume of about 450 gal. 
was used Mash enteied at the top and could be diawn off through a 2 in. 
dischaige line at the bottom Inoculum was added through a short 3/8 in. 
pijK at the top of the fernientei and samples weie lemoved through a 3/8 in. 
line extending into the mash «ind curved downward above the fermenter. 
These' are not shown in 1 ig 1 A side enteimg agitator, located 1 ft from the 
bottom of the c\ lindrical sc'c tioii, diove a thiee bladed, 12 in diameter proj)eller 
located 1 tt inside the tank A seal cup beside the packing gland was filled 
with tormalin to aid m pi eventing contamination Steiile an entered the 
lermcnteis iic'ar the bottom, *ind various spargers could be connected The 
final s\ stem adopted was to attach porous alumina aerators to the end of the 
ail line shown in 1 ig 1 I hese aeiatois had to be iemo\ed and cleaned after 
tich Ici mentation in oidei to prevent them fioni F^biggmg, and with the 
aiiangement shown it was possible to disconnect the pipe and remove the 
aeiators thiough the manhole hoi gas dischaige each fermentci had a 
sepal ate Welter seal and scrubber 

I he tenifKiature was controlled b\ spraying thermostatic alh contiolled 
watei on the outside walls ot the lowei parts ot the fermenters The water 
was collected and icc iiculated Ihe feimenters had a minimum numbei of 
o|X'nings, and all connected f)i[Ks were lagged and kept undei steam pressuic 
when not in «ic tual use I he tops of the termentcis were insulated to pi event 
heat loss and condensation 

Ihe pioi)ag«itors weie similar in design to the fermenteis and cMch had a 
total capaciiN ot 50 gal lhc\ weie supplied with steam, air, and tcmiKcatuie 
contiol using inteinal copper cods, but not with imchanual agitatois 1 ach 
piopagator had an individual watei seal scrubber Ihcse vessc'ls were origi- 
nalh used to jiropagate inoculum toi the termentcis but when it became 
evident that much smallei amounts ot inoculum weie as etfen tive, the propa- 
gators wcic disconnected trom the feimenters and usc*d to test ceitain tactois 
on a smallei scale 

The beer well was an ofx^n 1000 gal tank equipped with a single paddle 
agitatoi The feimented mash trom both fermenteis could be held in the 
beei well 

VuxiliaiN services to the plant provided water from the c itv mams, dec trical 
powci ,it IJO, 220, and 550 v and steam \ maximum steam piessure of 
75 p s i gauge was obtainable while the average was 50 j) s i gauge C om- 
pressed air was available from either of two sources giving 50 and 100 p s i 
gauge Sterile air was obtained by passing compiessed air through packed 
glass wool which was periodic all\ steam sterilized Reduced piessure was 
obtained with a small vac uum pump 
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Experimental 

Preparation of Slurry 

The grain was elevated with a bucket elevator to the tof) floor and 050 lb. 
ground into the weighing hopper. The slurrying tank was filled with water and 
ground grain added from the hopper at a constant rate with the screw conveyor. 
Water was added to the tank at 4 gal. per min. and the liquid level in the tank 
was kept constant at the level of the overflow. The slurry that entered the 
overflow 'pif)e was pum[>ed to the top of the cooker. When all the grain had 
been added the slurrying tank was pumiced out and rinsed with water. If 
calcium carbonate was to be added before sterilization it was mixed with the 
wheat in the hopper. If it was to be sterilized si^parately it was mixed with 
water in the slurrying tank and jHim|X‘d to the small cooker. 

Originally the ground grain was dunifK^d directly from the hop|)er into 
2()0 gal. of cold water, previously added to the cooker. The cover was replaced 
and cooking commenced. This system had a number ol disadvantages. 'Hie 
grain dust spread rapidly and in addition to being a possible source of con- 
tamination this was very objectionable. In the cooker the fine particles 
settled on the walls above the water line, where they were cooked into a hard 
scale, firoviding another probable source of contamination. In addition, a 
poor mix was obtained as the grain clumped and tended to settle out, thus 
lowering sterilization efticiency. To overcome these difficulties the slurry 
tank was installed to provide rapid and thorough mixing. 

Cooking and Sterilization 

The most serious problem encountered was in obtaining consistently sterile 
cooks and uncontaminated fermentations. The thick, starch-gluten .substrate 
complicated this problem. The most frequent t.iuse of contamination was 
insufficient sterilization of the mash rather than the entrance of foreign 
organisms into the system after sterilization. The majority’ of the isolated 
contaminating organisms were spore formers. Only rareh were nonspore- 
forming contaminants encountered. James, Wilson, anil Stark (7) report 
that whole wheat contains a natural flora that depends on the source, storage 
conditions, and grade, 'fhey' found that the number of organisms was least 
with No. 1 Manitoba Northern, and progressively increased with successive 
lower grades with numbers ranging from 280,000 to !(> 1,000,000 bacteria, 420 
to 1870 fungi, and 0200 to 04,000 yeasts per gram. Over a period of time 
undesirable features and suspected sources of contamination were either 
removed or modified. The insertion of the slurry tank and changes in piping, 
which simplified connections but made the plant less versatile, solved the 
greater jiart of the problem. 

To liquefy the thick mash, 2 lb. of ground malt was added. Initially, the 
malt was added to the slurry’ in the cooker and the temperature held at 70®C. 
for 20 min. before sterilizing. The final method adopted was to add the malt 
at the Ix?ginning of the slurrying o|X?rations, and, when these were complete, 
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to heat imniediatel> to the steiihzation temperatuic Both methods gave a 
satisfactory reduction in vlscoslt^ but the latter was much simpler. 

To heat the mash, steam was foicecl through the spargcis at the bottom of 
the cookei The temperature was followed on a lecording thermometer 
\\ hen all the air had been expelled from the cooker the vent valve was c losed 
and the mash heated to the sterili/ation tempeiature In test oi)erations, 
25 lb of calcium caibonate was added to the mash and the whole heated to 
tempciatuies of 100°, 115°, 120°, and 125°r foi ^ 2» 1 ’ 2 hr TJic lowei 

temperatures and shorter peiiods produced nonstenle mashes while higher 
temj:)eraturcs and longei times produced caiamelized mashes which fermented 
slowly oi not at all Cooking the mash at 115°C tor one hoiii appeared to be 
most suitable but c\en so font out ot ten successive cooks wcie not sterile 
Caramelized compounds aic known to be moie rcadih foinied at alkaline pH 
levels The pH of the mash steiilized with calciiini caibonate was found to be 
7 0 oi slightl\ higher, while that of the grain slurix alone w.is approximately 
() 0 Bn sterilizing the cak lum caibonate sc^parateh the giain could be heated 
at 120°C for one hour without obsciv.iblc c arameli/ation this treatment 
produced consistenth sterile mashes and N\ith a few exceptions subsequent 
contaminations weie tiaccable to other sources The lower giades of Nvheat 
wcic utilized tor the tei mentation, «incl it was thought that it exposing the 
grain to ultiaviolet light would reduce the numbeis, esix'cialh the spoie load, 
sterile mashes might be obtainable with shoiter cooking |)enocls Whole 
wheat was passed ovci a polished \ibtating pl.ite 1 ft long *it the latc of 10 Ib 
pc*r min and subiected to ladiation irom loui 18 in gcimicidal lamps 

A reduction in the spore count fiom 3500 to 250 per giam w<is obtained 
The gram, howevei, still had to be ground, wcighcnl, and slurried betoie it 
entered the cooker, haMng ample opportunit\ to become reinlected After 
grinding and weighing opciations the spoie count had increased to 1000 per 
giam Although irradiating the ground giain immccliatch belorc slurrMiig 
was recognized as advantage cnis, it was not considcicd piactical because' of 
the floui and giam dust 

W^ith iiiacliatcd gram a reduction of 15 mm in cooking time was possible 
but a further reduction lesulted in a contaminated cook \o deltimental 
eftcct on the lermcntation apjx'aied to lesult from the action ot ultraviolet 
light on the giain with the three ticatc'd cooks testc'd 

Piior to sluiry ojierations a feiincMitci N\as closed and sterilized with steam 
at 20 to 30 p s 1 gauge Steam Nvas blc'd trom all ojKiimgs to ensuie that an 
and condensate were removed One and a hall to two hours was suthcient time 
foi sterilization W^hen the mash had been steiilizc'd for the pioj^ei time it 
w^as blown over with steam piessuie to the feinienters Ihc ieimentei was 
cooled w ith c old water during the transfer and its piessuie kept low A sudden 
use in fermcntei piessuie indicated that all the mash had come ovei from the 
cooker The mash lines were immediately flushed with steam and again put 
undei pressuie Steam pressure was maintained m the connecting line at the 
bottom of the fermenters at all times except when it was used to transfer mash 
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While the mash cooled, sterile air was bled into the fermenter to maintain a 
positive pressure. 

When the mash reached a temperature of «S2°C., 25 lb. of calcium carbonate, 
previously slurried with 25 Ral. of water and sterilized in the small cooker at 
120®C. for one hour, was transferred to the fermenter in much the same manner 
as the mash. The fermenter temperature was then automatically controlled 
at 32®(\ A low positive pressure was maintained until just prior to inoculation 
when the pressure was reduced to atmospheric and the inoculum added 
aseptically. As a check on operational technique the mash was allowed to 
incubate for 12 to 18 hr. before inoculation. Any contaminants then had an 
opportunity to multiply and could be easily detected. After inoculation, the 
fermentation proceeded at atmospheric pressure under controlled conditions. 
When the fermentation was complete, it was discharjjed into the beer well 
where it was held i)ending recovery operations. 

Selection of Strain and Preparation oj Inoculum 

The cultures that were previouslv isolated and found to be gooil pnxluccrs 
under laboratory conditions (12) were used in the pilot plant. Variations 
between the strains were marked and it was found advisable to reselect and 
te.st fx^riodically. Selections from strain ('12 (3) were used with g^ood results 
in the pilot plant over a long pericxi of time. 

The cultures w^ere stored at on wheat agtir slants, on slants under 
mineral oil, in sterilized soil, «ind at room tem|x?rature after hophilization. 
All the methods appcMr to be equallv satisfactorv , but the mineral oil technique, 
because of its go<Kl preserv«ition properties iind simplicitv , was finally adopted 
as routine. With this method an active culture w.is alwavs available. 

Heat shocking of sporulated cultures was tried but the results obtained with 
this treatment W'ere somew^hat erratic and the general trend appeared to be 
toward slightl> low'er fields. .*\n attempt to ai'climatize the organisms to 
diol and thus improve the v ield was not successtul. Five strains were incubated 
for 90 hr. ix^riods in 15'!^) wheat mashes containing 2^ r diol and in mashes 
containing incre.ising amounts ot diol ot 1% per tiansfer. .\fter a series of 
10 transfers a comparison wdth the original cultures ot a normal 15^ ^ wheat 
mash was made. W'ith the treated cultures the dioW'thanol ratio was raised 
from 1.3 to 2.3, but the combined >ield was reduced trom 4.2 to 3.(F^ products. 

The original inoculation scheme involved three serial tr.insters from slant 
to propag.itor adding 0 liters of iiUH ulum to 30 gal. of projxigator mash. The 
mash w.is prepared in a manner similar to that desciibed for the fermentation. 
After a 24 hr. incubation |)eriod this was transleried to the fermenter. The 
scheme gave an active inoculum which represtmted about of the mash. 

Laboratory tests (4) demonstrated that the amount of inoculum could be 
varied from 0.01 to 10% without affecting the yield and time required to 
complete the fermentation, although it did control the initial rate. In the 
pilot plant, adding inoculum at levels of 0.2, 0.1, and 0.05% gave completely 
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satisfact()r> results The ussc of this low amount of inoculum is ot importance 
111 plant desic;n as it eliminates large propagatoi equipment On the above 
basis onlv 1 0 to 20 gal ol inoc ulum would be required for a 20,000 gal fermenter 
The practice adopted in the pilot plant was to add 2 liteis c^f inoculum to the 
fermentci fiom a 4 liter aspirator bottle with an attached lubbcr hose and a 
metal guaid tip which htted into a 3 8 in pipe on the fermenter 

I he inoc ulum was prt pared from agai slants b\ thiee 21 hr stages 1 ransfeis 
weie made to 10 ml of medium, to 200 ml , and hnall> to the 2000 ml used to 
inoculate the ieimentei \ backstocking technique was practised in the 200 
ml stage Mthough backstocking thiough a senes of six transfers had 
prcvioush been found to give consistent vields (1), it was observed in the pilot 
plant that after a number ol Icrmentations the > lelcls and etficienc les decreased 
In a supplemental \ laborator\ stuch and unclei somewhat diflfeient conditions 
tiom the pievious one, h\e stiains weie bac kstocked through 11 serial transfers 
and the diol and alcohol Melds reeorded aftei each transfer \ 15% mash 
distributed in 3(K) ml amounts in 500 ml Kiltnme>ers was used with an 
incubation ixriocl ol Oh hi between tiansfcrs On the eighth and ninth 
transtei the Melds were obseived to decline (I able I) I hus, in pilot plant 
operations, iccouise was irequenth made to stock cultuies or to impiovc‘cl 
stiains obtained b\ selecting ind testing colonies fiom stieak plates of ler- 
mc liter s<imples 

JABLL I 

iHI ElflCI Ol nVCKSlOCKINC IN 15*^1 (iR\IN MAsHl S 


Back'^loi k 

Nielli 

Diol 

Ltlnnol 

lot il prodiu ts 

1 

2 22 

1 10 

3 02 

2 

2 30 

1 4B 

3 73 

S 

2 10 

1 37 

3 53 

1 

2 40 

1 17 

3 87 

5 

2 50 

1 33 

3 83 

6 

, 2 20 

1 3() 

3 50 

7 

2 21 

1 2S 

3 52 

S 

1 00 

1 08 

3 07 


2 01 

J 00 

3 J3 

10 

1 04 

1 0(> 

3 10 

11 

! 

1 02 

1 10 

3 02 


The inoculating medium consisted ol giound wheat starch, 15 % 
\east extract, and V/, calcium carbonate On this medium 500 million 
orcjanisms jier milliliter as estimated b> diiect count with a Petioff-Hauser 
plate were obtained after an incubation pericxl of 24 hi Malt sprouts or 
shorts offer a gocnl commercial substitute tor yeast extract as the added 
nutrient VVheic no nutrient is added, growth is slower and numbers are 
much lowoi at 24 hi I he calc lum caibonate may be omitted if the incubation 
period IS not longei than 24 hi 
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Fermentation 

The eflFect of agitation, aeration, and reduced pressure on the yield and rate 
of fermentation was studied in the pilot plant. These factors had previously 
been studied in the laboratory (1, 3). It was shown that any treatment that 
assisted the esc'a|)e of carbon dioxide increased the initial rate of fermentation 
with only a slight effect on the degree of completion at 90 hr. Thus a high 
surface-volume ratio, agitation, reduced pressure, and aeration with air, 
oxygen, nitrogen, or hydrogen increased the initial rate, while conducting the 
fermentation in an atmosphere of carbon dioxide decreased the initial rate. 
Aerobic conditions, such as a high surface-volume ratio, and aeration with air 
or oxygen increased the diol-ethanol ratio, while anaerobic conditions, such 
as redu('cd pressure and aeration with nitrogen, h>drogen, or carbon dioxide, 
decreased the ratio. The pH level of the fermentation in the range 5.8 to 
7.0 was found (2) to have little effect on the yield or product ratio. 

During the fermentation, s;imples were taken at 24-hr. intervals. ICthanol 
and diol analyses and a microscopic examination were made and the pH 
determined. I'he fermentation efficienev, ratio of diol to ethanol, yield of 
diol and ethanol in pounds per bushel, and relative value of the liquid products 
were c«ilculated for noncontaminated fermentations from the 9() hr. analyses. 
The total weights of diol and ethanol in the fermented mash were calculated 
from the formulas given by Leslie and ('astagne (9). The theoretical \ield of 
diol plus ethanol is considered as one-half of the weight of gliicost' formed 
from the starch, and the fermentation efficiency is calculated as the actual 
yield of diol plus ethanol divided b\ the theoretical >ield. The cost estimates 
described in a previous pajx'r (13) established the cost of diol at about three 
times the selling price of ethanol. The relative value of the fermentation 
products is therefore c.ilculated b\ multiplying the diol yield in pounds 
bushel by three and adding the > ield of ethanol. The average values obtained 
in a series of fermentations showed that the fermentations were (K) to 70% 
complete at 48 hr., 80% at 72 hr., and 90^/,, ‘^4 9() hr. The pH was found to 
drop from 0.5 to 5.7 in the first 24 hr. with a final pH of 5.3 to 5.5. 

The effect of agitation on the fermentation is shown b> the results given in 
Table 1 f. The effect of increasing the time of agitation is to increase the 
efficiency and to decrease the ratio of diol to ethanol. Twent\-four hours’ 
agitation increases the efficiency appreciably but has only a small effect on 
the ratio. Agitation for 48 hr. reduces the ratio but does not increase the 
efficiency. The results foif 72 and 90 hr. agitation showed onh small differences 
so they have been combined. Continuous agitation for 90 hr. gives the 
pnxlucts with the highest relative value but the difference is small. 

The effect of reduced pressure is shown by the data in Table HI. Most of 
the data arc based on a single fermentation and hence definite conclusions 
cannot be drawn. The first portion of Table 111 gives the effect of increasing 
time of vacuum on fermentations agitated for 90 hr. 'Fhe efficiencies vary 
considerably but the ratio and relative value tend to decrease. The second 
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TABLE II 

The effect of agitation on the ikrmlntation 


Time of 
agitation, 
hr. 

||||QQ|| 

Efficiency,* 

f 

< 

Lb. per 

Diol 

’ bushel 

Ethanol 

Ratio 

Value* 

0 

19 

85 0 

8 50 

5 52 

1 54 

31 0 

24 

8 

88 2 

8 73 

5 83 

1 49 

32 0 

48 

5 

87 3 

8 38 

6 01 

1 39 

31.2 

72-9G 

11 

92 8 

8 G5 

G G5 

1 30 

32 G 


* See text for method of lahuhUton. 


TABLE III 

The inicr or rfdoci n vRrssiRr (15 in. of 

MERCURY vacuum) ON THE IIRMENTAIION 


Length of 
treatment, 
hr. 

'I line of 
agitation, 
hr. 

No. of 
runs 

Efhcieiic\ ,* 

i- 

L 

Lb. per bushel 

Ratio 

Value* 

Diol 

Ethanol 

0 

9G 

11 

92 8 

8 G5 

6 G5 

1 30 

32 6 

12 

9G 

1 

84 5 

7 98 

5 95 

1 34 

31 9 

24 

9G 

1 

75 2 

G 96 

5 11 

1 28 

26 5 

48 

9G 

1 

87 7 

7 08 

7 37 

0 9G 

28 8 

0 

21 

8 

88 2 

8 73 

5 83 

1 49 

32 0 

24 

24 

1 

91 7 

9 07 

G 05 

1 50 

33 2 


* See text for method of calculation. 


TABLE IV 

The n-trcr of airviion on ihe iiRMPMArioN 


Aeration 




1 




Rate, 

c.f.m. 

per 

1000 

gal. 

lime, 

hr. 

Agitation 

time, 

hr. 

No. of 

I iins 

Etficiencv ,* 

f f 

V 

Lb. p 

Diol 

er bii. 

Ethanol 

Ratio 

\ alue* 

0 

0 

72-96 

11 

92 8 

8 65 

6 65 

1 30 

32 6 

3.5 

72-96 

72-96 

1 

93 4 

9 57 

5 83 

1 64 

34 5 

7 0 

96 

96 

1 

80 1 

10 71 

2 50 

1 28 

35 3 

0 

0 

24 

8 

88 2 

8 73 

5 83 

1 49 

32.0 

4 0 

24 

21 

2 

84 9 

8 10 

5 90 

1 38 

30 3 

0 

0 

48 

5 

87 3 

8 38 

6 01 

1 39 

31 2 

4 0 

48 

48 

1 

88 4 

8 52 

6 05 

1 41 

31 2 


* See text for method of calculation. 
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portion of the table gives the effect of 24 hr. vacuum applied to fermentations 
agitated for 24 hr. The efficiency is increased slightly with only a small effect 
on the ratio. 

Aeration data obtained with porous alumina aerators are given in Table IV. 
All fermentations were agitated throughout the aeration period. Aeration 
for 72 to 90 hr. increases the efficiency and ratio, giving a higher relative 
value. Aeration at a rate of 7.0 c.f.m. \yer 1000 gal. for 90 hr. caused a loss of 
ethanol, so that the efficiency is low and the ratio high. In spite of the loss of 
ethanol the relative value of the products is very high. Aeration for 24 or 
48 hr. has only a slight effect on the efficiency .ind ratio. 


Discussion 

From the results given in Tables II - IV it is not possible to s|)ecify the best 
conditions for fermentations in much larger fermenters. The aeration results 
are not conclusive because of the small number ot fermentations. However, 
the elfec t of aeration is less marked in the {)ilot plant than on a laboratory 
scale, so it may be concluded that the effect would be even less in large 
fermenters, 'rhus, it is not likeh th.it incre.iseci Meld of diol or saving ot 
fei mentation capacity would pay for the increast'd power requirements and 
the high initial c'ost of installing air c'omprc'&sors and aeration equipment. 
This also applies to the application ol reduc'cd pressure. 

The installation ol agitators wcjuld be advisable to facilitate removing the 
mash and for maintaining a constant and uniform tcmiierature. If the cooked 
mash were to be cooled in the fermenters, agitation would be necessary. Thus 
an inc reased y ield resulting from .igitalion w^ould have to pay for only' a portion 
ot the power consumption in order to be justilied. Bv installing an .agitator 
with a low c ircul.ition rate and little shear the initial cost could be kept dowm. 
This might give the same effec t and same power c ost over a 72 or 90 hr. period 
as a laiger agitator over a 21 hr. pericxl. 

Based on the results of Table II, a prob.ible efficiency of 90% and a diol-to- 
ethanol ratio ot 1.5 were used for subsequent cost estimates. 
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THE OXIDATION, IGNITION, AND DETONATION OF 
FUEL VAPORS AND GASES 

VIIL THE CAUSES OF THE ANTIKNOCK PROPERTY 
OF RICH ;4IXTURES^ 

By R. O. Kim;,* W. A. W\u,.\ck,* K. J. Duranu« 


Abstract 

The engine experiments of this Part are a sequel to those of Part VII bhowing 
that eniichment of a pentane-air mixture accelerates oxidation at end gas 
temperatures to the antiknock subbtanccs, steam, and the carbon oxides. The 
corresponding antiknock effect in an engine is increased by cooling if enrichment of 
the mixture leads to an increase in the proportion of the fuel admitted to the engine 
as liquid. The engine experiments were therefore made using two fuels, n-pentane 
and a commercial fuel “S*', containing high boiling point constituents. The pentane 
could be vaporized prior to admission to the engine and the antiknock effect due to 
cooling eliminated. I'hus, two concurrent antiknock effects were obtained on 
enriching the fuel-air mixture -one due to cooling, if the fuel w'ere admitted 
to the engine in part as liquid, and the other to the tonsequent increase m the 
velocilN of the heterogeneous oxidation reaction in the end gas. It was also 
shown by the experiments of Part VII that the oxidation of rich mixtures at 
end gas temperatures, to steam and carbon dioxide, w^as greatly accelerated when 
iron caibonjl was added to the fuel. Similarh, the engine experiments ot this 
Part show that the antiknock effect of enriching the tuel-air mixture is greatl> 
enhanced w'hen iron carbonyl is added to the fuel. 


Introduction 

It has long been known that the tendency of a particular fuel -air mixture 
to detonate in an engine reaches a maximum for a critical mixture strength 
and that both weaker and richer mixtures possess antiknock properties. 

When using ordinary gasolines, maximum po^\er is obtained when the 
mixture with air is somewhat on the rich side of the critical mixture, and a 
further substantial increase of mixture strength permits the use of relatively 
high compression ratios without detonation, though at some sacrifice of 
economy. Alternatively, compression ratio being fixed, as in practice, the 
use of rich mixtures makes possible an increase of charge density by super- 
charging without giving rise to the detonation which would otherwise limit 
the consequent power increase. Thus the fuel for supercharged aero engines 
is now required to give a specified increase in antiknock value, designated as 
“mixture response”, for a particular increase in mixture strength. 

The antiknock property of rich mixtures is inconsistent w'ilh currently 
accepted views that detonation or knocking combustion is due to an oxidation 

* Manubcript received October 27 ^ 1948. 

Contribution by Defeme Research Board {Canada) and the Department of Mechanical 
Engineerings University of Toronto ^ T'orontOs Ont. 

* Research Scientists Naval Divisions Defence Research Boards and Special Lecturers Faculty 
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reaction of the chain type, beginning with the formation of organic peroxides 
and proceeding to explosion in a homogeneous mixture, and that metallic 
antiknocks act hy breaking the reaction chains. Organic peroxides arc formed 
most readily in rich mixtures (2, p. 211) and if the antiknocks acted by 
destroying them or in any other way breaking the chains, the efficacy of a 
particular concentration of antiknock would diminish with increase of mixture 
strength. The opposite effect is observed in practice. 

The antiknock property of rich mixtures has accordingly been given scant 
attention in attempts to apply chain reaction theory to oxidation as it oc- 
curs in an engine and the few available references are to the cooling effect. 
Thus Callendar (3, p. 511) explains that overrich mixtures rcx-luce detonation 
by retarding ignition and lowering the engine temperature. Kgerton (5, 
p. 2911) after mentioning the effect of enrichment of the mixture to increase 
rate of oxidation, which on the basis of his chain reaction theory would promote 
detonation, attempts to dispose of the anomalous antiknock property by 
suggesting that the proknock effect due to oxidation is off.set by an antiknock 
effect due to cooling. Campbell, Lovell, and Boyd (4) describe experiments 
showing the importance of mixture strength in respect of the rating of fuels 
for antikiKK'k value but do not attempt an explanation of the observed effects. 
Finally, Beatty and Edgar (1) in a lengthy review of ‘The theory of knock in 
internal combustion engines”, describing in detail the factors influencing the 
promotion or prevention of the effect, make no mention of the antiknoc'k 
effect due to enrichment of the mixture or the increase in the efficacy of the 
metallic antiknocks when used in rich mixtures; both effects are in contradiction 
to the chain reaction theories advanced. 

Plan and Scope of the Experiments 

Ordinary liquid fuels are more or less “atomized” in the carburetor of an 
Otto cycle engine. Vaporization requires the addition of heat and occurs 
mainly in the heated induction system and in the hot cylinder, where it is 
assisted by the hot residual gas. Any antiknock effect due to cooling by the 
fuel-air mixture is caused S(jlely by the vaporization of the fraction of the 
fuel entering the cylinder as liquid. Experiments were planned accordingly, 
using two fuels, technical grade w-pentane and fuel “S”. The initial boiling 
point of the pentane was 95°F.; 90% was recovertxl at 9().4°F. and 95% at 
97.4®F., the end point. The initial boiling point of fuel S was 85°F. and 97% 
was recovered at 429°F., the end point (see Fig. 1). Distillations were in 
accordance with A.S.T.M. procedure, DSO — 10. 

The pentane even in rich mixtures with air could be vaporized prior to 
admission to the cylinder and any antiknock effect then observed on enrich- 
ment of the mixture could not be due to cooling. Fuel S could be admitted 
almost entirely as liquid or could be vaporized in part only with the means 
available, prior to admission to the cylinder. Thus by using the two fuels and 
varying the rate of heat addition to the mixtures with air, conditions could be 
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obtained in which nearly all of the fuel could be admitted to the engine as 
vapor or nearly all as liquid, and the consequent effects on detonation deter- 
mined by varying the compression ratio to maintain a standard knock intensity. 



TEMPERATURE,®F. 

Fin. 1. Dtsttllalwn range, Fuel S, Lot 1. 

The scope of the exjx^riments \^as extended to determine the antiknock 
effect of enrichment of mixtures with air of fuel S containing iron carhon>l in 
com entrations extending to 1.0 cc. per liter. 

Experimental Arrangements 

A standard (\F.R, unsupercharged variable compression engine was used 
for the experiments. The bore and stroke arc 3.25 in. and 4.50 in. respectively 
and the compression ratio can be varied from 4 to 10 : 1. The engine is in 
universal use and further details need not l)e given although certain special 
arrangements require description. 

Engine Cooling 

The standard evaporative arrangement for maintaining the jacket water at 
a constant temperature of 212®F. was on occasion replaced 1)> a cold tap w«iter 
circulation, the flow being regulated manualh to maintain an\ desired lower 
temperature. 

Mixture Strength Regulation 

The float chamber is flexibly connected to the carburetor, and mixture 
strength is varied bv varxing the height. When the chamber is in the “up” 
position, the surface of tile fuel in it is level with the fuel opening into the 
carburetor throat, and maximum mixture strength is obtained. When the 
chamber is in the “down” position, the fuel level is 3.0 in. lower and mixture 
strength is generally too weak for engine operation. The rate of fuel con- 
sumption at a particular engine speed then depends on float chamber level, 
the density and velocity of the air passing through the carburetor throat, the 
vapor pressure of the fuel, and the diameter of a flow control orifice fitted in 
the fuel line from the float chamber to the carburetor. 
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Measurement of Mixture Strength 

The C.F.R. knock testing engine is not provided with a fuel flow meter. 
The mixture strength required for maximum knock having a critical value 
for any particular fuel, the percentage variation from it can be calculated if 
corresponding rates of fuel consumption be measured. Fuel flow metering 
arrangements made accordingly were based on observations of the time 
required for the consumption of a particular weight of fuel, and were similar 
to those of the Waukesha Motor Co. (8). 

Mixture Temperature and Fuel Vaporization 

The air supply to the carburetor was at room temperature and humidity 
was not controlled. The mixture of air and liquid fuel passed from the 
carburetor through a heating chamber to the inlet passageway in the engine 
head. A requirement of the C.F.R. ‘‘motor method'^ of knock testing is that 
the combustible mixture be raised to a temperature of 300®F. prior to admission 
to the engine, and it is necessary in order to avoid oxidation and possible pre- 
ignition that the mixture be brought into contact with moderately heated 
surfaces of relatively large area. The effective length of the heating chamber is 
7.0 in. and the inside diameter 1.72 in. Two electric heating elements each 
6.75 in. long, 1.06 in. wide and 0.36 in. thick are fitted in the chamber. The 
area of electrically heated surface is 39.5 sq. in. and that of the surrounding 
surface heated by radiation is 44 sq. in. There is, in addition, about 12 sq. 
in. of heated induction passageway surface in the cylinder head leading to 
the inlet valve. 

It is a requirement of the scheme of the experiments that r^-pentane be 
completely vaporized prior to admission to the cylinder when the mixture 
temperature is 300®F. and the jacket temperature 212^^1". The heat input in 
these conditions was 47 B.t.u. per min. and of this 6 were required to vaporize 
the pentane at the maximum rate of consumption and 26 to heat the air, 
leaving a balance of 15 for radiation and conduction. It is a fair assumption, 
therefore, that the mixture heating arrangements suffice to vaporize completely 
the «-pentane in a mixture with air raised to 300®F. even in the time available, 
when it is considered that the volume of the heater space was approximately 
50% of that of the stroke volume of the engine and that the vapor pressure of 
the pentane at the laboratory temperature at the time of the experiments 
was approximately 600 mm. of mercury. 

Mixture temperatures given later and on relevant graphs were as indicated 
by a mercury-in-glass thermometer with the bulb in a pocket in the short 
passageway from the heating chamber to the inlet port of the engine. 

Ignition Timing 

The standard C.F.R. method of changing ignition timing with change of 
compression ratio was used and timing was varied from 33.5® advance at 
4:1 compression ratio to 14.7® advance at 10:1, but the relation is not linear as 
shown by the graph of Fig. 2. 



KING B2 AL : OXIDA FION, IGNITION, AND DETONATION OF FUEL VAPOES AND GASES 216 



Fig 2. Varmiton of spark advance wtth compresuon ratio, C,F.R engine. 

Engine Speed 

The C.F.R. engine is usually arranged to drive a synchronous generator 
connected to an a-c. suppl> of constant frequency. The engine speed is thus 
maintained constant regardless of power output. The C F.R. engine used for 
the experiments was connected by a belt drive to a d-c. generator and electrical 
output absorbed by a resistor bank. The engine speed was maintained at 
900 r p.m. for all of the experiments by manual regulation of the field resistance. 

Standard Knock Intensity 

The C.F.R. bouncing pin device and knock meter were used for determin- 
ations of an arbitrarily chosen “standard knoc'k intensity*' equivalent to that 
obtained in C.F.R. knock testing practice when using a standard 75 octane 
fuel at a compression ratio of 5 26. The calibration of the bouncing pin was 
always checked accordingly before starting experiments. 

Inlet Valve 

A shrouded inlet valve is fitted as standard to the C.F.R. engine. The valve 
imparts a swirl to the entering mixture but the consequent restriction reduces 
volumetric efficiency. It was replaced by a spare exhaust valve of the common 
tulip shaped variety. 

Lubrication 

The engine was lubricated with a commercial brand of oil, S.A.E. 30, 
without “additives". The oil in the crank case was maintained at temperatures 
between 120® and 130®F., by a manually controlled electric heater. 

Experimental Results 

Experiments were made with a jacket water temperature of 212®F. obtained 
by the evaporative cooling method already mentioned and with a jacket water 
temperature of 150®F. obtained by the circulation of tap water, as indicated 
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by a thermometer with the bulb in a poc'ket in the circulating water outlet of 
the cylinder head. The term “jacket temperature” is used for convenience to 
descrilxj temperature conditions as above. It will be understood that the 
corresponding cylinder wall and combustion space surfaces are higher to an 
unknown extent, depending on variable heat transfer factors. 

The rate of fuel consumption was varied from the minimum at which the 
engine ^\ould run steadily to the maximum obtainable with the C.F.R. 0.027 



12 1-4 16 18 2*0 2*2 2*4 2*6 2*8 

RATE OF FUEL CONSUMPTION, LB. PER HR 


Fic 3. Fud 6', Lot /. 160^ F jacket temperature, 

in. dia. fuel control orifice usually fitted for use with hydrocarbon fuels. 
Observations were thus obtained of the antiknock effects due to weakening as 
well as to enriching the mixture. The use of weak mixtures was of beneficial 
effect in burning the carbon dejx)sited during previous running of very rich 
mixtures. Thus when the experiments were completed, the combustion space 
was found to be remarkably clean and both valves to have been seating 
.properly. The piston rings were in good condition and free in the grooves. 
There was little carbon in any of the grooves. The piston crown was coated 
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with an adherent layer of carbon; 0 002 in. thick at the center, shading to 
black at the periphery and increasing in thickness to about 0.005 in. 

The coating on the inlet valve was similar to that on the piston crown. 
There was a reddish coating about 0.005 in. thick on the exhaust valve and a 
similar coating on the water cooled surfaces. The color is attributed to iron 
oxide derived from additions of iron carbonyl to fuel S. 



1*2 1-4 1*6 1*8 2*0 2‘2 2*4 2*6 2*8 

RATE OF FUEL CONSUMPTION, LB. PER HR. 

Fig. 4. Fuel S, Lot 1. 212° F. jacket temperature. 


Standard intensity of kncx k was determined for rates of fuel consumption 
varying by steps over the lange possible in the flow control conditions already 
desc'ribed, with the mixture unheated, and at temperatures of 200° and 300°F. 
and with jacket temiieratures of 150° and 212°F. The experimental results 
are given by the graphs of Figs. .3, 4, 5, and 6. It will be noted that the rate 
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of fuel consumption required for the critical mixture strength decreases with 
increase in mixture temperature as would be expected in view*of thejconsequent 
decrease in the weight of air aspirated per stroke. 

Experiments with Fuel S 

The fuel contains volatile fractions in some proportion to provide for ease 
of motor car engine starting, but the graph of Fig 1 shows that 35% only 
boils at temperatures below 200°F. and 74% at temperatures below 300®F. 
The corresponding vapor pressures and the depression in the carburetor throat 
determine the maximum rate of fuel consumption when the float chamber is in 



1*2 1*4 1-6 1-8 2-0 2-2 2-4 2-6 2-8 

RATE OF FUEL CONSUMPTION, LB. PER HR. 

Fig. 5, n^Pentane ISO^F. jacket temperature. 


the “up*’ position. The maximum rate possible with a particular diameter of 
flow control orifice therefore diminishes with increasing mixture temperature. 
Thus, referring to experiments at 150®F. jacket temperature. Fig. 3, the 
maximum rate of fuel consumption diminished from 2.89 to 2.56 lb. per hour 
as mixture temperature was increased from 78® to 300®F. In the same 
circumstances the rate of fuel consumption required to maintain the critical 
mixture strength, at which the minimum compression ratio giving standard 
knock intensity occurs, diminished from 2.50 to 1.90 lb. per hr. The maximum 
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mixture strengths obtainable varied accordingly as shown by the percentages 
given on the graphs. 

Experiments with n-Pentane {Figs. 6 and 6) 

Pentane was selected as the second fuel because of the expectation that the 
mixture heating means available would suffice for complete vaporization prior 
to admission to the engine cylinder. The experiments were made during hot 
summer weather and there was generally a tendency to form vapor in the fuel 



|.e 1.4 1-6 l-e 2*0 2*2 2*4 2*6 2*6 


RATE OF FUEL CONSUMPTION, LB. PER HR. 

Fig. 6. n-Pentane. SIS^F. jacket temperature. 

line to the carburetor. On one occasion when the official Toronto shade 
temperature was 101®F._, the pentane boiled in the float chamber and the 
experiment could not be continued. 

The relatively high vapor pressure of the pentane assisted vaporization but 
placed a relatively low value on the maximum possible rate of consumption 
because of the lower than atmospheric pressure in the carburetor throat. Thus 
at 212®F. jacket temperature and SOCF. mixture temperature, Fig. 6, the 
maximum rate of pentane flow was 2.30 lb. per hr. whereas when using the 
less volatile fuel S the maximum flow was 2.60 lb. per hr. The degrees of 
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enrichment obtained in the conditions of the experiments are shown on the 
graphs of Figs. 5 and 6 and suffice for the purpose of the investigation. 

Experiments with Fuel S Doped with Iron Carbonyl 
The experiments were carried out with the cylinder jacket at 212®F. and the 
mixture at 30()®F. The fuel was from a lot of 50 gal. of old sto<'k and differed 



Fig. 7. Fuel S, Lot 2, and with iron carbonyl in concentrations increasing to 1.0 cc. per liter, 

slightly in antiknock value and considerably in ‘‘mixture response’* from that 
used previously which was obtained as required from a local service station. 

The influence of enriching the mixture on the antiknock effect of iron 
carbonyl is shown by the graphs of Fig. 7. The increase in the antiknock 
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effect obtained on increasing mixture strength is quite remarkable. Thus the 
compression ratio for standard intensity of knock when using the undoped fuel 
at the critical mixture strength is 5.54, rate of fuel consumption being 1.8 lb. 
per hr. but on increasing the rate to 2.2 lb. per hr. and adding iron carbonyl 
in the concentration of 1.0 cc. per liter, that is, one-tenth of one per cent, the 
compression ratio for standard intensity of knock rose nearly 2,5 compression 
ratios, to 8.0:1. 

Generally similar results were obtained when the fuel was doped with 
tetraethyl lead or nickel carbonyl. Those for iron carbon\l are j)resently 
given because the substance was used in experiments descrilK'd in Part VII (7), 
showing that enriching the mixture increases the oxidation promoting effect 
of the antiknock. 

Discussion of the Experimental Results 

It was shown by oxidations in reaction chamber No. 10, described in Part 
VII (7), that over the temiierature range (M)0° to f).>0°r. reaction velocity 
increased by 100% on enriching a pentane -air mixture from 25% weak to 
100% rich. The reaction products at the high temperatures were steam and 
the oxides of carbon. Reaction velocity was greath' accelerated by iron 
carbonyl, the temperature of any particular rate of reaction being reduced by 
as much as 150°C\, and the reaction products were steam and carbon dioxide 
only. The high temperature oxidation products are all antiknocks and if 
present in the end gas of an engine would reduce the tendency to detonation 
or knocking combustion as discussed in Part III (6). 

The anliknoi'k property of rich mixtures is indicated b\ the sIojk* ot the 
graphs for mixture strengths greater than the critical value, that is, by the 
ratio. 

Increase of compression ratio for standard knock intensity 
Increase in rate of fuel consumption 

The ratio will be designated b\ the letter, R. I'he experirnentil results 
summarized accordingh are given in Tables I, II, and 111. 

Pentane Boiling Range 9/)° to 97.4'^F, (Table I) 

The jacket temperature being 150® and the mixture temperature (>7®F., 
2? = 2.4; then on heating. the mixture to 200®F., more of it is vaporized prior 
to entering the cylinder; the cooling effect diminishes accordingly and R 
decreases to 0.8G. A further increase of mixture temperature to 300®F. 
reduces R to 0.70, indicating that the cooling eflfec't has been reduced but not 
eliminated. 

The results for a jacket temperature of 212°F. can now be considered. 
Starting with a mixture temperature of 80®F., the Vtilue of R is 0.70 only. 
It diminishes to 0.5G when the mixture is heated to 200®F. and remains un- 
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changed, within the accuracy possible, on further heating the mixture to 300®F. 
The conclusion is that the pentane was vaporized completely when the mixture 
temperature was raised to 200®F. and that the value of R then obtained 
represents the antiknock effect arising from the increase in rate of oxidation 
due to increasing the mixture strength by 29%. 

TABLE I 

KxrERIMENl AL RP SULTS — PENTANE 


Jacket 
temp., ®F. 

Mixture 
temp., “F. 

Ratio 

R 

Jacket 
temp., ®F. 

Mixture 
temp., ®F. 

Ratio 

R 



2 4 

212 

80 


150 


0 80 

212 

200 



300 

0 70 

212 

300 



Fuel S, Lot 1, Boiling Range 85^ to /^SO^F. {Table II) 

The jacket temperature l)eing 150°F. and the mixture temperature 78®F., 
vaporization would occur mainly in the cylinder, the maximum cooling effect 
would be obtained, and R = 1.7. The large increase of mixture temperature 
to 200®F. reduces R to 1.6 only and on further increasing mixture tcmi^erature 
lo*[^300°F., R increases to 2.1. Thus, as the proportion of the fuel vaporized 


TABLE II 

ExperimI'Nial REsi'LTs— F cfl S (Lot 1) 


Jacket 
temp., ®F. 

Mixture 
temp., ®F. 

Ratio 

R 

Jacket 
temp., ®F. 

Mixture 
temp., ®F. 

Ratio 

R 

1.50 




95 

0 (i 

150 




,200 

1 6 

150 

1 


HI 


300 

2.5 


outside the cylinder increases and the cooling effect diminishes accordingly, R 
increases. This characteristic is more pronounced when the jacket temperature 
is raised to 212®F. and the initial mixture temperature is 95®F. R is then 
0.6, increases to 1.6, and to 2.5 as mixture temperatures are raised first to 
200®F. and then to 300®F. That is, the antiknock effect of enrichment increases 
as the evaporative cooling effect diminishes. I'his characteristic is attributed 
to the relatively great susceptibility to oxidation of the higher boiling point 
constituents of the fuel. 

Fuel 5, Lot 2, Plus Iron Carbonyl {Table III) 

The experiments were made at jacket and mixture temperatures of 212® and 
300®F. respectively. The high value of R due to the susceptibility to oxidation 
of the heavier fractions of the fuel is then increased by the oxidation promoting 
effect of the metallic antiknock. The value of R increases accordingly from 
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1.4 for the undoped fuel to 4.4 for a dope concentration of 0.50 cc. of iron 
carbonyl per liter. Little further increase of R is obtained on doubling the 
dope concentration. This would be expected from the experimental results 
described in Part VII showing that the oxidation promoting effect of iron 
carbonyl reaches a limiting value as concentration and mixture strength are 
increased. 


TABLE III 

Explrimenial results -Fi I'L S (Loi 2) 

PLUS IRON CARBONYL, JACKP r IFMPERAIURC 

212°F., MixruRr ifmpi-rature SOOT. 


Fuel 

Ratio R 

Fuel S undoped 

Fuel S plus 0 25 cc. 

1 4 

I.C. jjer liter 

Fuel S plus 0 50 cc. 

3 0 

I.C. per liter 

Fuel S plus 1 00 cc. 

4 4 

I.C. jxjr liter 

4 5 


Conclusions 

'Fhe experimenUl results are not in a<'cordance with the current theory that 
knock or detonation in an engine is the result of an oxidation reaction in the 
end gas proceeding by a chain mechanism (1, 5). On the contrary, they 
support the view that knocking combustion tends to l3e prevented by dilution 
of the end gas with the antiknock products of the oxidation reaction oc'curring 
at the high temperature of the end gas (6), and it is concluded accordingly 
that: 

(1) Enrichment of the fuel-air mixture used in an engine leads to an 
antiknock effect in addition to that due to the increased cooling, because of 
the consequent increase in the rate of oxidation of the end gas. 

(2) The additional antiknock effect increases with increase in the suscepti- 
bility of the fuel to oxidation. 

(3) The antiknock effect of iron carbonyl increases with increase of mixture 
strength because of the corresponding increase in the oxidation promoting 
effect of the substance, at end gas temperatures. 
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SOME FACTORS AFFECTING THE CYANOGENETIC CONTENT 

OF FLAX* 

By G. R, Patekson* and E. Y. Spencer* 

Abstract 

Many factors, both inherent and environnienlal, affect the linamarin content 
of flax (its cyanoRenelic principle) Redwing variety contains considerably more 
potential cyanide than does Ro>ai. Flax, maintained at a high moisture level 
throughout the giowth season, contains significantly less linamarin than that 
grown with access to less soil moisture. Frost, mechanical injury, and drought 
all affect the cyanogenetic cfmtent of flax adversely, the effect of the first being 
verv great. Flax grown at the higher moisture level was more affected by these 
conditions than was flax grown at the lower moisture level. The recovery of 
cyanide from the glycoside bv simultaneous enzymatic hydrolysis and aeration, 
and its estimation by the alkaline silver nitrate method, is an effective laboratory 
means of assessing the cyanogenetic content of flax. Although acetone, one of the 
decomposition pnKlucts of linamarin, normally reacts with the alkaline picrate 
reagent, pit rate under certain conditions mav be adapted to the roughly quan- 
titative estimation of evanide by test pajK'r in the lield. 


Introduction 

Robinson (12), Auld (2), and Henry and Auld (8) have reviewed the history 
of c>anogenesis in a very comprehensive manner, one (8) with special 
reference to linseed. Although cyanogcncsis, the occurrence of hydrocyanic 
acid in the plant kingdom, was discovered in 1803, it was not until 1883 that 
flax was found by Jorissen to be cyanogenetic. In 1891, Jorissen and Hairs 
isolated the cyanogenetic glycoside, linamarin, and described its enzymatic 
hyxlrolysis to hydrogen cyanide, D-glucose, and a volatile ketone giving the 
iodoform reaction. Dunstan and Henry showed the aglycone was acetone 
cyanhydrin m 1903. Linamarin is accompanied in flax (in different cells) by 
a si)ecific i^-gly ( ositlase, linamarase, which hydrolyzes it to its comixments, 
hydrogen cyanide, D-glucose, and acetone. In flax, the quantity' of linamarase 
present usually parallels the content of linamarin. 

Cyanogenesis is inheritable (3), the cy'anogenetic character being governed 
by the interaction of genes determining the presence or absence of the glycoside 
and the enzyme. However, the amount of gly coside present in a c>anogenetic 
plant is subject to variation by many other factors. Any factor which changes 
the normal season of growth, c.g., drought, injury (such as in a h.iil storm), 
frost, or insect attack, increases the amount of potential cyanide (*1, (>, 9, 11). 
Many forage plants are cyanogenetic and so constitute a possible threat to the 
stock who feed upon them. The toxic dose for most animals is the quantity of 
cyanogenetic glyxoside equal to about 2 mgm. of hydrogen cy'anide per pound 

* Manuscript received in original form September f , 1948 ^ and as revised^ December 27 , 1948, 
Contribution from the Department of Chemistry, University of Saskatchewan, Saskatoon, 

Sask, 

* Holder of Research Fellowship from the Canadian Foundation for the Advancement of 
Pharmacy at the University of Saskatchewan. Present address: Ontario College of Pharmacy, 
Toronto 2, Ont, 

* Associate Professor of Chemistry. 
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of body weight (13). Based on the average cyanogenetic content of flax (25 
mgni. % of hydrogen cyanide), a portion of less than 2 lb. would prove fatal 
to an animal weighing 100 lb., assuming complete hydrolysis of the glycoside. 
Under ‘abnormal conditions of growth (frost especially), flax may contain two 
to three times as much potential cyanide and so constitute a serious menace 
to stock. However, many substances have an inhibiting effect on the release 
of hydrocyanic acid from linseed cake (2, 8), among them glucose, salt, and 
the crude fiber of certain green fixlders. It is recommended that these be fed 
along with linseed cake or other cyanogenetic plants. The use of the defatted 
residue, after hot-press oil extraction of flax, should be encouraged, since it 
contains little active enzyme owing to its destruction at the temperature 
employed (8). 

Methods and Materials 

A greenhouse experiment was designed to assess the effect of various climatic 
factors as well as varietal effect on the cyanogenetic content of flax (10). Two 
varieties of flax were chosen -Royal and Redwing. The wilting level and 
moisture rapacity of a soil mixture of seven parts of top soil, two parts of sand, 
and one of manure (subsequent! used as the growth medium in the experiment) 
were determined as 15,5% and 28% respectively. It was decided therefore to 
grow both varieties at soil moisture levels of 18% and 27%, termed hereafter 
“low* moisture” and “high moisture” levels, l^ach variety at each moisture 
level was submitted to four conditions, control, Irost, injury, and drought, 
making a total of 1(5 treatments. Each treatment consisted of six pots contain- 
ing an average of nine plants each. 

Moisture levels were maintained by weekly watering, distribution of the 
water evenly in the soil mixture being aided by means of a sand column. The 
conditions of frost, drought, and injury were attained or simulated in the 
following manner. A month after first flowering, the plants which were to be 
frosted were placed in a separate section of the greenhouse, where, over the 
course of four days, the temperature was gradualK lowered to 32®F. On the 
evening of the fourth day, the temperature was allowed to fall still lower, 
reaching a minimum of 24.5°F. The plants were allowed to procec<l towards 
maturity, having been submitted, after a hardening process, to freezing 
temperatures for four to five hours. In the drought experiments, 10 weeks 
after planting, the plants were withdrawn from their normal weekly watering 
schedules, which were not resumed until the plants had reached the wilting 
levels. The procedure was repeated before the plants were allowed to go on 
towards maturity with the regular moisture levels. A week to ten days after 
flowering, each plant in the 24 “injury” pots was pinched twice at the 
base of each stem supporting a flower, with a self-closing clothespin. This 
procedure corresponded to that used by Franzke and Hume (6) in their 
experiments on Sorghum, and was intended to simulate mechanical injury 
such as might result in many ways during the growing season, and during 
harvesting. 
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At maturity the seeds were collected and cleaned. Just before the cyanide 
determinations were carried out, the seeds were ground in a glass mortar. 
Where possible, two assays were made on the yield from each pot. To the 
ground sample, in the tube of a Van Sly ke - Cullen Aeration Apparatus (7), 
was added a trace of granular stearic acid to prevent frothing, and 10 ml. of 
distilled water. After 15 min. maceration (the sample tube of the apparatus 
being suspended in a thermostat maintained at 45®C.), air was passed through 
the mixture at a slow steady rate for two hours. The 45® temperature 
maintained was the optimum temperature for enzymatic hydrolysis of the 
cyanogenetic glycoside linamarin to its decomi)osition products, D-glucose, 
acetone, and hydrogen cyanide. An alkaline trap (10 ml. of N/IO aqueous 
sodium hydroxide) completely removed the hydrogen cyanide from the air 
circulated through the sample. Five milliliters of concentrated ammonium 
hydroxide and 2 ml. of 5% aqueous potassium iodide were added to the contents 
of the trap, and the estimation of the cyanide was carried out with N/800 
aqueous silver nitiate, according to the method of Liebig, as modified by 
Sharwood (14). 

Attempts were made to find a test paper suitable for the roughly quantitative 
estimation of potential cyanide in flax Among the tests tried were the copper 
acetate - benzidine acetate (5), the copper sulphate ~ guaiac um (5), the 
phenolphthalin (15) and the alkaline pic rate method (1), the last-named despite 
the fact that acetone, a dccom position picxlutt ot Imamaiin, normally reacts 
with the reagent (10). In e«ich case, a small piec c (5 b> 60 mm.) of filter paper, 
impregnated with the specific leagent, was suspended in a corked 10 b> 75 mm. 
test tube above 0 025 to 0.100 gm. of finch giound flax, moistened with 
distilled water and left at room tem|x;rature. 

Results and Discussion 

The results obtained from the analyses ot the samples are listed in Table I 

TABLE I 

Mean hydrogen cyanide content of Royal and Redwing ilax 

FOR FIGHT TRIATMFMS 


Moisture 

level 

Condition 

Royal 

Redwing 

No. of samples 

Mean mgm. % 
HCN 

No. of samples 

Mean mgm. % 
HCN 

Low 

Control 

. 11 

26 4 

11 

33 7 

Low 

Fro&t 

4 

47 2 

11 

57 9 

Low 

Injury 

11 

29 0 

11 

34 7 

Low 

Drought 

8 

26 7 

9 

36 1 

High 

Control 

11 

19 6 

12 

23 0 

High 

Frost 

7 

47 7 

12 

49 6 

High 

Injury 

10 

24 5 

11 

26 8 

High 

Drought 

9 

26 8 

11 

28.1 



71 

28 9 

88 

36 2 
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Of the 192 theoretically possible samples, 33 (17.2%) were lost owing to (a) 
plant fatality due to frost or injury, {b) poor yield due to adverse effects 
created by the various treatments, and (£:) laboratory accidents. The average 
cyanogenetic content of the 159 samples was 32.9 mgm. % of hydrogen cyanide. 
Table I illustrates that in all comjiarablc treatments Redwing contains more 
|X)tential cyanide than Royal. Table III shows that this constant difference 
is highly significant. 

The usual method of anal>'sis of variance could not be carried out for these 
data owing to the irregularity of numbers of samples for the different treatments. 
Therefore, the Yates' method of unweighted means for the disproportionate 
subclass numbers (assuming interaction present) was used for the present 
anahsis (10). The analysis of variance is shown in Table II. F values show 
that the effects of variety and of soil moisture level are highly significant. 


TABLE II 


Analysis ob variancl to i)Eii‘Rmine lki^ect 

OF VARIMY, MOISTURE, I*ROST, INJURY, AND 
DROUOIIl ON CYANOOFNEIIC CONTENT OF FLAY 

Sources of 


variation due to 

F 

Wirielies 

412 4l»* 

Moisture 

247 12** 

'IVeatmcnts 

934 18** 

V X M 

96 66** 

VXT 

1 13 

M X T 

6 84** 

VX X r 

43 90** 


** Significant beyond the 1% point. 


The total effect of the treatments is also very great. The secondary inter- 
actions, in two of three cases, are highly significant. The soil moisture level 
has a differential effect on the two varieties as well as on the conditions imposed. 
However, variet> does not in any way alter the effect of the treatments applied. 
The tertiary interaction is highly significant, doubtless owing to the two 
significant .secondary interactions. 

Table III is introduced to illustrate the effect of the individual conditions, 
as well as to confirm the significance of variety and moisture. Flax grown in 
soil of lower moisture content contains significantly more linamarin than flax 
grown with access to more soil moisture. Redwing flax contains significantly 
more potential cyanide than does Royal. While frost more than doubles the 
amount of cyanogenetic glycoside in flax, injury and drought merely increase 
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TABLE III 


Summary of efffcts of variety, moisture, and condition (frost, 

INJURY, DROUGHI) ON THE CYANOGFNFTIC CONTENT OF FLAX 


Clabsification 

Mean, mgm % 
HCN 

± .S Ed 

Moisture 



Low moisture 

35 9 

5 6 d= 0 35** 

High moisture 

30 3 


Variety 



Royal 

28 9 


Redwing 

3b 2 

7 3 0 36** 

Condition 



Control 

25 G 


Frost 

51 G 

26 0 ± 0 51** 

Injury 

28 8 

3 2 =fc 0 48** 

Drought 

29 4 

3 8 =b 0 49** 


** Significant lieyond the F f point 


the quantity by an averatje of 13% and 17% respectively. However, the 
action of all three climatic factors is significant at the 1% level, as shown in 
Table HI. Fig 1 illustrates all these effects graphically. 


C CONTROL 
0 DROUGHT 



LOW HIGH - MOISTURE - LOW HIGH 
ROYAL - VARIETY - REDWING 


Fig 1 Effect of some factors on hydrogen cyanide content of flax. 


Acetone normally reacts With the alkaline picrate reagent in the same way as 
hydrogen cyanide. A positive test for acetone in the alkaline trap was obtained 
by means of the icxioform reaction. However, M/50 and M/100 aqueous 
solutions of acetone had little or no eflfect on alkaline picrate paper suspended 
above them for 24 hr. Under similar conditions, M/50 and M/100 solutions 
of hydrogen cyanide, and a solution M/100 with respect to both, reacted 
almost immediately with the reagent, reaching maximum intensity of color in 
20 to 30 min. The last (with acetone added) showed no deeper color than did 
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its control. On the other hand, test paper suspended above ground flax 
moistened with water and containing 0.031% hydrogen cyanide did not begin 
to change color for 90 min. and reached maximum color in six to eight hours. 
This delay in color formation was doubtless due to slow hydrolysis at room 
temperature. It seems likely that alkaline picrate test paper may be used for 
the preliminary estimation of potential cyanide in flax. The test appears able 
to detect differences of about 10 mgm. %. 
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LIQUID AND FROZEN EGG 

V. VISCOSITY, BAKING QUALITY, AND OTHER MEASUREMENTS 
ON FROZEN EGG PRODUCTS* 

By Jl^SSK A. VhAKiVr AND C. G. LAXhRV^ 


Abstract 

Free/ing irrevcrsil)ly inci eased the viscosity of yolk and whole eg:g. but did 
nol dlTet I the while ViRorous met hanical treatment before freezing rcdiited the 
viscosity of defrosted >olk, ^hlte. and whole egg. Ihe viscosity of defiosled 
\ oik and whole egg iik leased with increase in fieezing or thawing time. Mechan- 
iial pretieatmcnt or dilferemes in fiee/ing time did not affect the baking quality 
of defrosted egg products Freezing reduced the baking quality of yolk and 
whole egg, but the baking quality improved aftei storage for about three months 
at — 10° and 0° F , and then dc*treased \ thawing time of four hours resulted 
in >olk oi whole egg of better baking quality than thawing times of 0 03, 21, or 18 
hi 'I hcie was no relation between viscosity and the baking qualit> of these' egg 
pKxIiKts The addition of 2% sodium chloride was equivalent to the addition 
of 8% sucrose in preseiving the foaming qualit> of fio/en yolk. 


Introduction 

Previous papers in lliis series have been concernetl primarily with the 
development of tests for measurings eatiiiR quality and for determining the 
solids content ot frozen egg. Since frozen egg is used chiefly by the baking 
tiadc, it ^\as believed desirable to assess the etiects of prefreezing tieatment, 
freezing time, storage time, and thawing time on the baking quality of 
defrosted egg prodiuls. This paper describes the effect of all these factors 
on baking qualit\, as assessi‘d b> measurements of baking volume or foaming 
volume (7); and the effect of some of them on other measures, such as viscositv 
(9), fluoresceme value (0), and amino nitrogen (11). 


Materials and Methods 

Fresh Grade A large eggs were used to prepare the experimental materials, 
which, unless otherwise st 4 ted, >vere mixed for five minutes in a "Mixmaster” 
at No. 10 speed, strained through cheese cloth to remove particles of .shell 
and chalaza, poured into Re>nold’s metal A-10 bags with a capacity ot about 

* Manuscript received January 7/?, 

Contribution from the Division of Applied Biology, Aatiomil Research Laboratories, 
Ottawa Issued as Paper No 227 of the Canadian Committee on Food Preservation and as N R C. 
No. mi). 

* Bioihemist, Food Investigations. 

* Formerly Chemical Engineer, Food Investigations; present address. Research Department, 
Maple Leaj Milling Co., Toronto. 
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one liter (3 by 4 by 5 in.), and frozen in about 10 hr. Freezing was con- 
sidered complete when a thermocouple in the center of the block of egg reached 
20® F. at which point approximately 6% of the water remains unfrozen (8). 
The time for the liquid to pass from about 45® to 20® F. was recorded as the 
freezing time. 

Defrosting was done in about 15 hr., unless otherwise stated. Defrosting 
time was defined as the time for the liquid to pass from a temperature of 
0® F. to about 35® to 40® F. After defrosting and before testing, the liquid 
was again mixed at a temperature of 50® F. in a ** Mixmaster” for one minute 
at No. 1 speed. White and whole egg usually became reasonably homo- 
geneous after this mixing period, but as mixing did not make the more viscous 
samples of yolk homogeneous, their viscosity was tested in the heterogeneous 
state. 

Many of the tests were those used in previous studies in this series (4), and 
included measurements of pH, reducing sugar, viable bacterial count, volume 
measurements on lest sponge cakes, and foaming volume measurements. 
Baking and foaming volume measurements were made on defrosted white 
mixed with freshly separated yolk and on defrosted >olk mixed with freshly 
separated white. These mixtures were equivalent in comjx)sition to freshly 
broken wdiole egg. l"or these baking quality tests, the most viscous yolk 
could be mixed with egg white, but it was more difficult to use than yolk of 
low viscosity. 

Fluorescence was measured on a serum extracted from whole egg (6), and 
amino nitrogen w^as determined in whole egg and in >olk by Van Slyke’s 
method (11). Viscosit> was measured on defrosted egg liquids at 50® F. with 
a Gardner-Parks mobilometer (9), which consists of a cylinder to contain the 
liquid under study, and a piston that is allowed to fall a measured distance 
through the liquid. The pistonhead can be changed to provide more or less 
resistance and the weight on the piston can be varied. The 51-holc disk 
(pistonhead) was used with a total weight of 100 gm. including the piston 
for defrosted white, or whole egg, and with a total weight of 1600 gm. for 
defrosted yolk. The time in seconds for the piston to f.ill 20 cm. was taken 
as a measure of viscosity. 

Effect of Prefreezing Treatment on Quality 

Mechanical treatment of whole egg before freezing w§s believed to retard 
the gelation that cxx'urs during frozen storage (9). This [)hase of the study 
was designed to examine the effect of mechanical treatment of whole egg, 
yolk, and white on viscosity, baking quality, and pH of the stored, frozen 
pnxluct. Strained liquid was treated in four ways: no further treatment, 
15 min. additional mixing, dispersion in a laboratory hand homogenizer, and 
dispersion in a colloid mill. All mixing and dispersing was done in a manner 
that minimized the introduction of air and the resulting foam. The products 
w^ere stored at —10® F. 
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The various mechanical treatments did not afTect the baking volume, 
foaming volume, or pH of whole egg, yolk, or white, whether measured before 
freezing, after freezing or after frozen storage. 

Table I shows that increasing the severity of the mcchanual treatment 
reduced the mobilometer readings, i e., the viscosily, of unfrozen and defrosted 
whole egg, yolk, and white. Average readings are given in the table because 
none of the materials showed any change in viscosity during storage for thiee 

TABLE I 


£l>I>] CT OI* MrCHANICAL TRhAFMENl ON THL VISCOSITY 
OF UNFR07LN AND DEI ROSTED FOG PRODUCTS 


Treatment 

Mobilometer reading, sec. 


Before 

freezing 

After 

freezing* 

Whole egg 

Mixed 



Mix. 5 min 

3 2 

178 

Mix 20 min 

2 4 

151 

Dispersed 



Mix 5 min 4- homogenii«cr 

1 5 

10 

Mix 5 min 4- colloid mill 

1 3 

10 

Yolk (1600 gm weight on piston when used on defrosted yolk) 

Mixed 



Mix 5 min 

27 

455 

Mix 20 mm 

2b 

315 

Dispersed 



Mix 5 min 4- homogenizer 

19 i 

236 

Mix 6 mm -j- colloid mill 

18 1 

129 

White 



Mixed 



Mix 5 mm 

6 5 

4 0 

Mix 20 min 

2 9 

2 b 

Dispersed 



Mix 5 mm 4- homogenizer 

1 3 

1 3 

Mix 5 min -j- colloid mill 

1 1 

1 1 


^Average after storage for i, S, and 3 months at ~ /O® F 


months at — 10®F. Freezing did not change the viscosity of egg white, 
regardless of the treatment. Freezing increased the viscosity of the mixed 
(Mixmaster only) whole egg about 60 limes but onl> increased the viscosity 
of the dispersed (colloid mill or homogenizer) whole egg by about eight times. 
Freezing caused so great an increase in the viscosity of \olk that the weight 
on the piston had to be increased from 100 to 1600 gni , which interferes with 
comparisons of the data. Nevertheless there is evidence that dispersed > oik 
changes less in viscosity during freezing than the mixed yolk. 
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Effect of Freezing Time on Quality 

The liquid was frozen at difloreiU teniper.it ures and with different thiek- 
nesses of insulation around the Re> nold’s metal containers, to provide different 
freezins rates. The b.ictcri.d count in the initial, laboratory-prepared 
in.iterial w.is only .about .'iO jier nil. A count of the same order was observed 
ill products frozen in less than 12 hr., but the count increased to .300 per ml. in 
prinluct frozen in about 24 hr. and to 1000 per ml. in prcKluct frozen in 100 hr. 
Hi}jh bacteri.il counts are usu.ill> observed in the cores of commercially 
prepared cans of egg that have been Irozcn too slowly. However, after a 
lx“riod of trozen storage, there is usu.illy a marked decrease in the bacterial 
count (2, 12). 



Fi(. J . RJlfett of time of freezing on the fliwreiiCeme value of a si rum ixtriuted Jrom whole fgg^ 


A visihil examinalioii of the effcrl of free/inj> time on color and struc'tiire 
showed that material frozen in 10 min. wms lii^ht yellow in color. As the 
freeicing time wms increased, the color of the product deepened, and at a 
freezing time of 110 hr. became a dark orange. The frozen product had <i 
laminar struc ture. If frozen in 10 min., the Hakes were alternately opaque 
and transparent and abr)ut 0.001 in. thick. If frozen in 25 hr. the flakes 
were about 0.05 in. thick, while material frozen in GO and 100 hr. had a granular 
structure to a depth of about 2 in., but the center had a laminar structure in 
w'hich the transparent flakes were about 0.1 in. thick. 

Freezing and the time* of frcM^zing had no effect on either the reducing sugar 
or the amino nitrogen c'ontent of eggs. The reducing sugar content of whole 
egg remained at 0.3S mgm. jier 100 ml. of egg, regardless of the freezing time. 
The amino nitrogen content of 5-ml. samples of whole egg and of yolk was 
6.00 and 9.66 mgm. respectively, whether frozen or unfrozen. 
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Fig. 1 shows that freezing appreciably reduced the Huorescem c of a serum 
extracted from whole egg. Increasing the freezing time from about 10 min. 
to 100 hr. reduced the fluorcsccm e of this extract still further. It is unlikely 
that this is due to factors other than the rate of freezing, since all metisure- 
ments shown were made at the same time. These results dilTer from some 
other published information. The iluorescence of dried eggs, prepared from 
liquid egg frozen at different rates, increased with increase in freezing time 
(5); but freezing and defrosting of extracts cunt.iining these Huorescing 
substances caused a reduction in Iluorescence (3). Prolonged storage of frozen 
egg caused an increase in tluoresciiig substances (4). 



Fig. 2. Eff(ct of fteezing turn of yolk on the foaming volume of d( frosted yolk mixed with 
unfrozen white. 

In general, freezing time had little cfl'ect on the foaming Aolume of defrosted 
whole egg or egg white, but it did affect foaming in defrosted \olk. Unfrozen 
whole egg had a foaming volume of about 400 ml. Frozen whole egg had «i 
foaming volume of about 375 ml., regardless of the freezing time, while the 
foaming volume for mixtures of frozen white and unfrozen yolk was about 
390 ml. regardless of the freezing time of the white. Fig. 2 shows that freez- 
ing yolk in about 100 hr. gave a product which, when mixed with an amount 
of unfrozen white to give whole egg liquid of correct proportions, had a 
foaming volume of about 300 ml., while yolk frozen in 10 min. had a foaming 
volume of only about 200 ml. 

The Effect of Added Salt and Sugar on Frozen Yolk 

Some explanations have been given for the effectiveness of sodium chloride 
and sucrose in reducing gelation in frozen yolk (1. 9). Since these substances 
are used commercially for this purpose (10), it was of interest to see if their 
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use also affected baking quality of \olk as reflected by foaming volume 
measurements. Therefore, 2, 4, and of these compounds were added to 
yolk before freezinj-, and the samples were examined immediately after 
defrosting. 

Fis. 3 show's that 2^0 s(Hlium chloride had a marked effect in retaining the 
foaming volume of frozen \ oik, tind that increasing the amount of salt had 



CONCENTRATION OF ADDED SUBSTANCE , % 

Ft(.. 3 Elfett of added sodium ihlondc and sunose on the foa mini' volume of dcjrosted yolk 
and iinfrozi n udiite. 

only a slight additional ehect. Increasing the amount ol sucrose up to S' i, 
had a progressively greater effect in ret.iining foaming volume: sucrose 

gave a product that ^^as about equal to Ircsh egg. 

Effect of Storage Time on Quality 

An earlier studN in these laboratories indicated a decrease in the baking 
quality of frc^^hly frozen whole egg (4). Therefore, it was of interest to re- 



Fig. 4. Changes in the foaming volume of stored frozen egg products: defrosted yolk mixed 
•with unfiozcn •uhite^ and defrosted white mixed with unfrozen yolk. 
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examine the effect of storage up to about three months at — 10® F. on the 
quality of yolk, white, and whole egg. 

Freezing and time of frozen storage effected mcaburable pH changes, in 
white and in whole egg, but pH could not be measured in defrosted \olk 
because of its high viscosity. Egg white had a pH of 9.0 before freezing, 
which increased to 9.1 after freezing and then gradually decreased to 8.9 at 
the end of three months’ storage. Whole egg had a pH of 7.5 before treezing, 
which became 7.6 after freezing and then gradually increased to 7.8 after 
three months’ storage. These pH changes in frozen whole egg were similar 
to those observed previously (4). 

Fig. 4 shows that both whole egg and >olk decreased in foaming volume 
during freezing and the first two months oi frozen storage, and then im reused 



STORAGE TIME , MONTHS 

Fig 5. Changes in the hakiftg lolume of sponge vakes made from frozen egg products: defrosted 
yolk mixed with unfrozen white^ and defrosted white mixed with unfrozen yolk* 

in foaming volume. The foaming volume of egg white remained constant 
during the first two months of storage, and increased during the third month. 
Earlier work showed that 12 months’ frozen storage appreciably reduced the 
foaming volume of frozen w^hole egg (4). 

Fig. 5 shows the reduction in baking quality resulting from freezing \olk 
or whole egg and the subsequent increase in quality after about three months’ 
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Storage. The baking quality of egg white appeared to be unchanged by 
freezing but to increase tluring the first three months’ storage. In general, 
foaming volume and baking volume show similar changes during frozen storage 
and the results presented here support previous observations on stored, frozen 
whole egg (4). 

Effect of Freezing and Thawing Time on Quality 

During the preceding phase of this study, there was some evidence that 
thawing time might also have some effect on quality, 'riierefore, a more 
('ompreheiisive studv was made to examine the cfl'ects of freezing time (0.2, 
4, 16, ami 30 hr.), thawing time (0.03, 4, 24, and 4S hr.), and storage time 
(0, 1, 2, 4, ami S monlhs) at 0° 1*'. on viscosity and baking volume of yolk and 
whole egg. 

Just as this study c()mmenc(‘d, the oven used in previous baking studies 
broke down. With the* temporary equipment us(‘d, pending receipt of a new 
oven, the cakes were about 30 ml. smaller than usual. Therefore, while the 
results for this portion of the work are comparable within themselves, they 
cannot be readily c'ompared with those of previous work. 

The changes in viscosity and baking volume wen‘ assessetl by an anal>'sis 
of variance. Each of the factors under stud\ had a significant effect on the 
viscosity of defrosted yolk and whole egg, but only thawing time and storage 
time had a significant effect on baking quality. 

Fig. 6 shows the similarity' in effect of these factors on the viscosity of both 
yolk and whole egg, exce()t that yolk was much more viscous than whole egg. 
In general, increases in freezing time from 0.2 to 30 hr. caused progressive 
increases in viscosity; increases in defrosting time from 0.03 to 24 hr. caused 
increases in viscosity, but incn'ases in thawing time from 24 to 4S hr. caused 
no further increase in vi.sc'osit y’. Storage time caus(‘d no increase in vis- 
cosity' if the product was froz(‘n or defrosted in lour hours or Ic.ss, but 
increasing the storage time increased the viscosity in produ('t which had 
been frozen or defrostt*d in longer times. Measurements elsewhere had 
indicated maximum viscosity^ in defrosted whole egg after two to four 
months’ storage (0); the jnesent results showed a progressive increase in 
viscosity' of slowly' frozen or defrosted egg throughout an eight month storage 
period at 0° F. 

In general, while viscosity' was not related to the baking volume of defrosted 
y'olk or whole egg, materud of low viscosity was more easily prepared for 
baking. Frozen yolk was much more viscous than frozen whole egg, and 
usually gave cakes about 20 ml. smaller. However, the difference in cake 
volume was attributable to factors other than the freezing operation, since 
cakes made from yolks that had been mechanically mi.xed, but not frozen, 
and added back to white also gave cakes about 20 ml. smaller than those 
from whole egg (Fig. 5). 
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WHOLE EGG 


YOLK 



Fig C Effect of freezing HmCy tJiauing time labelled figures give the thauing time in 

hours), and storage time on the viscosity of defrosted yolk and whole egg. 


Fig 7 shows that product thawed in four hours gave cakes with greater 
volume than product thawed m shorter or longer thawing times. While 
these differences were statistically significant, the increase in baking \olume 
was only about 3%, which mav not be of practical value in commercial 
processing. 
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Storage time had clTccts on the baking volume of cakes made from defrosted 
whole egg similai to those shown m Fig 5 The baking volume of defrosted 
\olk was decreased bv iice/ing and incieased after four months’ storage in a 
mannc'i similar to that shown in Fig 4, but in addition, theie was evidence 
that the baking \oluine ot defiosted \olk deci eased between four and eight 
moiiths’^storage 



THAWING TIME , HR 

Fig / 1 iJtrt of thauing time on the bakini, lolume of ^pon^e cckcs made from defrosted 

x*.hoIe et^g, and from difroi>ttd yolk mixed uith unfrozen uhitc Va1uL6 aicraged over all fret zing 
times and storagt turns 
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THE THIAMINE AND RIBOFLAVIN CONTENT OF MANITOBA 
GROWN WHEAT, OATS, AND BARLEY 
OF THE 1946 CROP^ 

Allkn D. Rohinson,2 Langtry E. Lynd,® and Barbara J. Miles^ 


Abstract 

Sonic 200 samples of pure varieties of Imrley, oats, and \\heat grown in 
Manitoba in 191(5 A^cre assayed for thiamine and riboflavin. Expressed as 
micrograms per gram the averages and ranges lor thiamine were: barley 4.06 
(3.3 to 4.9), oats 5.99 (4.4 to 7 9), wheat 4.28 (3 5 to 5.7); for riboflavin: barlev 
1.28 (0.9 to 1.9), oats 1.25 (0.8 to 1.7), wheat 1 12 (0.8 to 1.4). A varietal effert 
on thiamine content was noted. Plush liailev contain^ more than () \C 21, 
Kxeter oats more than either .\ja\ or Vanguard, and Carlton wheat more than 
Regent, which in turn has a higher content than Thatcher. No varietal eftecis 
on riboflavin tontenis w^ere found in an\ of the cereals. Neither thiamine nor 
riboflavin content of the cereals was determined In the soil zone in which the\ 
were grown. Signilicant positive correlations w’ere found between protein and 
thiamine in oats and b.irle) , protein and liboflavin in whe.it, and ash and ribo- 
flavin in barley. A significant negative correlation between ash and thiamine 
in oats was observe^d. 


Roc'entlv MclClroy, Kastelic, and MrC\ilLi (0) have reported on the thiamine 
and riboflavin contents of wheat, oats, and l).irle> ^rowm in Alberta and the 
effect ot t> pe of soil on the amount ol vitamin in each of these Rniins. This 
is a report of a similar investigaticjn carried out wdth grains grown in Mani- 
toba ill 194(). As in the stiuh to which reference has been made, the corndation 
between vitamin contents and those of othcT constituents was studied. 

A large number of Vtdues have been reported for the thiamine contents of 
wheats. Some have been reported lor other cereals as well. There are few'er 
data lor ribofl.ivin. Some of the published results are summarized in 'l able I. 
Several of these were reported origin.dly in terms other than micrograms per 
gram and have been calculate<l b\ us to this basis. 

The factors responsible for the var>ing amounts of vitamins in ceretil grains 
have not been ver\ well defined. A \arietal effect in wheat seems to be well 
established. Jackson and W'hiteside (7) and Whiteside and J.ickson (12) 
found signilicMiU differences to exist between the thiamine contents of different 
C'anadian hard red spring wheat varieties. Regent, Renown, and Rew’ard 
are usually higher in thiamine than Red Bobs, 'Fhatcher, Marquis, and 
(larnet. Andrews et uL (3) found differences in the riboflavin contents of 
different varieties of wdieat. The> listed the varieties tested, in the order of 
decreasing riboflavin contents, as Marquis, Pilot, Thatcher, (\*res. Renown, 
Rival. 

* Manuscript received in original form September ,30 ^ lO^S, and, as revised, February 
17, 104^). 
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r\BLL I 

IniAMINE AND RIBOl LAMN LOMLNTS OF BARI E\ , OAlb AND WHE\T, 
MICRfKiRAMS PI R OR \M 



I hiamine 

Riboflavin 

Reference, 

! 

Range 

Avc r igi 

R inge 

Average 

Barley 

Andrews, Box (1, and lenx (3) 

1 


1 05-1 50 

1 21 

Divis, Liulcr ind S del in (4) 

4 ')! () 52 

3 50 

0 78-1 14 

— 

Hochbt^rg, Mclnick and ()‘<r (0) 

— 

— 

— 

McHroy, KastLiic, ind MiCalla (0) 

— 

4b0 

— 

1 25 

\oidu:ren and \ndrtxvs (10) 

.5 b8-7 33 

0 40 

— 

— 

Srhult/, \tkin, imlticx (11) 

3 8-'» 2 

1 

0 2 



Oats 

Andrtxxb (3'^ 

McFlrox it al (0) 

1 

5 "iS 

1 10-1 45 

1 30 

127 

Nordtren and Xndicxc'* (10) 

8 10-10 78 

021 

— 

- 

Schnll/ </ f// (11) 

1 4S-10 3 

72 

— 

— 

Uhiat 





Andrews f/ rz/ (3) 

— 


1 0()-l 32 

— 

Davis it al (4) 


— 

0 71-1 12 

- 

Johann«*on ind Rich (S) 

I itcriluic K\ itw 

1 02-10 2 






Origin il d It i 

2 2-8 0 

3 93 

— 


Ml I Irox it al (0) 


140 

1 — 

134 

Whitncx, Ikrrtii, and We'^Urnian (13) 

— 


1 1 00-1 00 



Nonlv»ien and Xndrews (10) and Whiteside and Jackson (12) found environ- 
ment to be a signihcanl factor in detciniiniiiG: the thiamine content of A\heat 
W heat ^\as gunvn in different localities for several seasons Cci tain localities 
pioduccd ^\heat ^Mth a highci thiamine content than othcis, even though 
the amounts varied from season to season The fcatuits of environment 
that might be causing this effect wcie not investigated fohannson and 
Rich (8), v\orking with commenial samples of whe.it, did not ohseive anv 
relation between soil tvpe and thiamine content of the gram McElrov 
et al. (9) found the thiamine contents ot wheat, oats, and barle> giown on 
brown soils to be signihcanth higher th.in those giown on gia> ones. The 
mean riboflavin contents of samples ol whe.it, bailc\ , and oats giown on gray 
soils were shghtK lower than those ol samples grown on bl.ick or brown ones 
Andrews et al (3) found that the iiboflavm content of wheat is not signi- 
hcanth affected b\ environment. 

Some studies have been made to determine whethei vitamin content is 
1 elated to the content of anv other constituent Nordgren and Andrews (10) 
found a significant correlation between ash and thiamine in American-grown 
spring wheats, but not in winter or Western Canadian spring wheats. They 
did not find a significant correlation between protein and thiamine contents. 
McElro> et al (9) found a positive coi relation between protein and thiamine 
content for wheat and oats, but not for barley No significant correlation 
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between protein and riboflavin was found in an> of the three cerealb. Johann- 
son and Rich (8) failed to find any relation between amounts of thiamine in 
wheat and either protein or ash content. Whiteside and Jackson (12) after 
studying the distribution of thiamine in the wheat kernel conclude that the 
physical features of the kernel that are associated with high protein ^\ould 
also be associated \\ith high thiamine. No relation has been established 
however which would permit the prediction of vitamin contents from those 
of any other constituent. 

Further studies of vitamin contents of grains should >ield results of interest. 
The effect of soil deserves more extended investigation. While some attempts 
have been made to determine it there is an\ lel.ition between vitamin con- 
tents and the contents ot other constituents, different investigators have 
reported different findings. The coarse grains h.ive not been studied to the 
degree their importance wai rants. The investigation reported herein det.uls 
a study of the thiamine and iihoflavin contents of barle\ , oat, and wheat 
varieties grown commonh in Manitoba. The samples weie from the 1910 
crop. The> were assayed for protein, ash, thiamine, and ribofl.ivin. An 
attempt was made to correlate these lesults with each other and with variety 
and soil /one. 

Experimental 

More thtin 200 samples ot puie varieties of barlev , oats, and wheat were 
collected. These were giown in sev^eral ditfeient paits ol the province. The 
soil tvjie was determined for each ot these Icxations. 

Moistuie was determined cm each sample b\ the 130° ('. oven methcxl, 
ash b\ direct ignition in the muffle lurnace, and protein bv the Kjeldahl 
procedure, 'flihimine was determined bv the Ilcnnessv (o) method using an 
external standard and calculating results on the basis ol a 94% lecoverv. 
Riboflavin was detei mined b\ the methcxl of Andrews (1,2) with the following 
mcxlihcations* an external standard was used instead of an internal one, and 
a solution of scxlium In clrosulphite and sodium bicaibonate replaced solid 
sodium hvdrosulphite. The results of analvses were calculated to a 13.5%) 
moisture level. 

Results and Discussion 

The thiamine and iiboflavin results for barlev, oats, and wheat, grouped 
according to varict> and soil t>pe, are louncl in Tables II, III, and 1\ , respec- 
tivel> . 

Barley 

An examination of the cl.ita for barlev reported in Table II reveals several 
interesting features. The small number ot samples ol (laiton, together* v\ ith 
the large standard deviation for this vaiietv , and the large standard deviation 
for Sanalta make anv conclusions doubtful regarding these vaiieties, since 
their averages differ from those for OAC 21 and Plush by only small amounts. 
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TABLE II 

1 hi\minl \nd Rinon win coMFNr or B\RLFy groupld 
\CCORDING rOVVRin\ VND son 70 Nr 


\ irRt\ 


(» xrton 

OVC 21 


Plu<.h 


Sanalta 

Soil zone 

No 

ot 

\ inmiii, 
Hiirn Kin 

\o 

ol 

1 \ It a nil n 

1 Mkm Kin 

No 

of 

N it 1 min, 
mROI Rm 

No 

of 

\ itaniin 
MRin Kin 

b ini- 
ph s 

Mnn| S d 

s im- 
pU s 

1 Ml in 1 S d 

sim- 
pli s 

Mian| S d 

sam- 

pU«i 

Mean j S d 


I htamtui 


Ri lulzin i 




> 

» bj 

1 

0 0 I 

2 

1 10 

0 dO 

_ 

- 

- 

OiKr ukd 
r(.nd/in i 

Blat k 1 irth 

> 

4 OU 

0 40 


1 so 

0 10 

1 

> 

1 'i 

4 14 

oos 

4 

1 21 

0 11 

HI ick cTrth- 
rcnd/in i 


_ 

_ 


_ 

_ 

1 

1 "i 

- 

- 

- 

- 

Dark broun 
sttppi- 
blickiarth 
tr insition 
Nortlu rn bl n k 

- 


- 


i 77 

0 20 

2 

> 

1 10 

1 01 

0 '>0 

0 22 

i 

1 

4 17 

4 07 1 

0 20 

0 IS 

Nortliti n 111 Kk- 
klTV bl K k 


_ 


_ 

_ 

_ 

_ 

_ 

0 10 

1 

1 1 

- 

Gr'i\ black 

1 

“) 1 

- 

1 

4 2 

- 

1 

o 

o 


- 

- 

Gri> nooded- 

Ki u bl K k 
(rriN woodi d 

1 

1 2 


1 

1 (i 


1 

1 

1 2 

1 () 

- 

1 

29 

X. 

\11 soil zoncb 

1 

1 a 

0 'll 

10 

1 SI 

0 21 

20 

1 10 

0 28 

12 

3 9S 

j 

0 '}() 


Rtbi ila n 


Ri ml/in H 

Dt Rndid 

- 

- 

- 

> 

1 10 

0 10 

2 

1 10 

0 '0 


- 

- 

rindzim 



- 

— 


- 

1 

1 1 

— 



— 

111 u k c nth 

HI i< k < irth- 

2 

1 40 

0 10 

) 

1 1 

0 10 

i ) 

1 2b 

0 10 

1 

1 2S 

0 1 1 

n nd/in i 

D irk brow n 

~ 





— 

1 

1 2 

■“ 

~ 

— 

"" 

sti ppi - 
1)1 jck o-irth 
transition 







2 

1 1) 

0 0) 

\ 

1 11 

0 17 

Noitlicrn bl iik 
Northern bliik- 

— 



3 

1 10 

0 14 

} 

1 11 

0 10 

1 

> 

1 10 

OOs 

Rrav bl lek 

— 

— 

— 

— 

— 

— 

— 



1 

1 1 

— 

Gia\ lilaek 
(ir IV wooded ' 

1 

1 1 

“ 

1 

1 3 


- 

1 20 

0 10 


*" 


gnj bliLk 


1 

- 

— 

- 

— 

1 

0 0 

- 

1 

1 1 

- 

(iraj woodid 

1 


- 

1 

1 b 

- 

1 

1 I 

- 


- 

- 

Ml Mill zoni s 


1- 

0 11 

10 

1 n 

0 22 

20 

1 '-"i 

0 2) 

1 

1 11 

0 1 1 


Plush tonlains more thiamine than ()\(' 21 thib is tiue not onK for the 
i^rancl aveidi>es for these \aiiLiies, but foi the averau:es for each soil /one — 
except gra\ black — on which the two vaiieties were grown. 

There does not seem to be an\ eftect of soil zone on the thiamine content 
of balle^ Where there does appcxir to be some order, as an app.iient decreas- 
ing one of lendzina, black e«ii th, and northern blac k for OA(' 21 , Plush, and — 
for the last two zones named — Sanalta, the standard deviation for each group 
is usualK ,is large as the difference between the averages. This was con- 
firmed b\ an analysis of \aiiance. Since the samples were not evenly 
distributed between varieties and the soil zones it w^as not possible to use all 
the data. But an anahsis was made for OAC 21 and Plush for the five soil 
zones in which both were grown, the extra values being eliminated by using 



ROBINSON ET AL.: THIAMINE AND RIBOFLAVIN IN MANITOBA CEREALS 245 


TABLE III 

Thiamine and riboflavin content of oats grouped 

ACCORDING TO VARIETY AND SOIL ZONK 


Variety 


Ajax 


Exeter 

WinRuard 

Soil Zone 

No. of 

Vitamin, 

/XRm./gm. 

No. of^ 

Vitamin, 

MRm./um. 

No. of 

Vitamin, 

/igm./gm. 

sani- 

plcb 

Mean i S.d. 

1 

sam- 

ples 

Mean ^ S d. 

sam- 

ples 

Mean j S.d. 


Thiamine 


Kendzina 

3 

5 10 

0.45 


1 


3 

5.83 

0.81 

Degraded rendzina 

1 

5.8 

- 

- 

- 

- 

- 

- 

- 

Black earth 

Dark brown stepix:- 
black earth 

10 

5.87 

0 3G 

5 

6.80 

0.93 

7 

5.40 

0.67 

transition 

2 

a.i.'s 

0 45 1 


- 

- 

- 

- 

- 

Northern black 

Northern black- 

4 

0 38 

0.40 I 

2 

1 7.75 

0.15 

4 

1 

5.G0 

1.26 

gray black 

- 

- 

- 

- 

- 

- 

1 

G6 1 

- 

Gray black 

Gray woo<letl-grav 


— 

— 

2 

G05 

0.35 

1 

49 i 

— 

i)fack 

- 

- 

__ 1 

- 

- 

- 

1 

7.0 

- 

Giay A\ooded 

2 

5.()5 

0.25 

— ' 

1 - 1 

1 1 

1 

1 

— 



All soil zones 

22 

5.89 

0 55 

9 

1 

1 6.84 

0.92 

1 

17 

5 GO 

0.91 


Riboflavin 


kendzina 

3 

120 

0 08 



3 

1.20 

0.08 

Degraded rendzin.i 

1 

1.3 

- 

- 

- 

- 

- 

- 

Black earth 

Dark brown ‘•teppe- 
black earth 

10 

1 15 

0 19 

5 

1.24 

0.21 ' 7 

1 21 

0.10 

transition 

2 

1.40 

0.10 

- 

- 

1 ~ “ 

- I 

- 

Noithern black 

Northern black- 

1 

1.13 

0.28 

2 

130 

1 000 1 

4 

1.30 

0.24 

i»rav black 

- 

- 

- 

- 

- 

1 

1.7 

-- 

Gray black 

Gray w ooded- gray 

— 

— 

— 

2 

1 25 

0 05 

1 

1.2 


black 

- 

- 

- 


- 

1 

1.5 

- 

Gray wooded 

2 

l.GO 

0.20 


- 

- 

- 

- 

All soil /ones 

22 

1.22 

0.24 

9 

1.2G 

0 15 

17 

1.28 

0.31 


tables of random numbers. In no case was the F value for soil zones as 
large as the point. The difference between the thiamine contents of 
Plush and OAC 21 wds, however, found to be significant. 'J'his confirms the 
observations made in the preceding paragraph. 

The data for riboflavin in barley appear in the lower half of Table II. 
The spread between the lowest variety, Plush, and the highest, Garton, is 
only 0.2 figm. per gm. while standard deviations range from 0.11 for Garton 
to 0.23 for Plush. No one soil zone produces consistently higher or lower 
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values tor all varieties. Most groups differ from the average for the variety 
b\ less than the standard deviation for the group. There is then no obvious 
effect ol either soil zone or variet\ on the riboflavin content of barle>. This 
was confirmed In an anahsis of vaiiance for the same v«iricties and soil zones 
as were used in the anahsis ol the thiamine data. Theie was no significant 
difTerence between either soil zones oi the varieties Plush and OAC 21. In 
each case the F value was less than that for the r/c point. 

Oats 

The thitimine contents ol three varieties of oats are recorded in the upi>er 
hall of Table III. Kxeter shows the highest values, on the average and for 
each group accoiding to soil 7one. It would appear that it is the best as a 
source ol thiamine even though the standaid deviation of 0.92 is rather large. 
Aja\ and Vanguaid are much the same in thiamine content. An anahsis of 


1 \BLE IV 

IHIXMINE VND RIBCni.AVlN COM 1 \ F OF W^HEAT (jROUPFD 
ACCoRniN(» ro v \riet\ \nd sou 7oxr 


\ irict> 


C irltou 


Rcgt nt 

Rf now n 

Thatchir 

Soil 7on( 

No 

ot 

sini- 

pkb 

I \ ltd mi II 

fiKHi fein 

\.> 

ot 

‘sam- 

ples 

1 \ It imin, 1 

1 nKm gni 1 

' NO 

Ot 

bxm- 

plts 

Vitamin, 
MRin gm 

No 

of 

s im- 
ples 

\ itaniin, 
Mtsin gm 

1 Mean 

S d 

1 Mt in S d 

i 

Moan 1 S d 

Me in S d 


Thtamtne 


Rpndzin i 
Degrade d 

- 

- 

1 

1 

4 S 


- 

- 

- 

4 

rend/ina 

- 

— 

_ 

1 

5 0 

_ 

1 

4 2 

_ 

- 

Black earth 
Black caith- 

10 

■) 03 

0 12 

30 

1 27 

0 31 

1 

4 13 

0 11 

7 

rcndzina 

Dark brown 

- 



1 

1 1 

“ i 

- 

- 

- 

- 

'xteppe- 
bl ick earth 
tran')ition 

1 

1 b 


3 

1 3S 

0 2 3 




2 

Nortlurn black 
Northern black- 

— 

- 


1 { 

1 tl 

0 31 


- 

1 

b 

gray black 

— 



1 

4 9 

_ 

_ 




Gray black 

• 




1 ib 

0 17 

_ 

_ 


7 

Gray wooded 

- 

- 

- 

2 

4 1 1 

OOi 

- 

- 

- 

1 

All soil zones 

11 

1 99 

0 12 

i7 

1 33 

0 34 

> 

4 1 1 

0 10 

32 

_ — — 

- 


_ 












1 01 

\ 70 
4 0(> 


i '» 


4 10 
J «} 

i 97 


0 Jj> 

0 is 
0 


0 00 
0 1j 

0 17 
0 20 


RtbtiJlaitH 


Rendzin i 
Degraded 

- 

- 

- 

1 

1 0 

- 

- 

- 

- 

4 

1 OS 

OOS 

rcndzina 

Black earth 
Black earth- 

10 

1 Oj 

0 17 

1 

30 

1 4 

1 12 

0 11 

1 

1 

1 2 

1 05 

0 15 

5 

7 

1 IS 

1 11 

0 01 

0 16 

rendzina 

D irk brown 

- 

- 

- 

1 

1 1 

- 

- 

_ 

- 

- 

- 

- 

steppe- 
black earth 













transition 
Northern black 
Northern black- 

1 

1 2 


3 

13 

1 10 

1 IS 

0 10 
oou 

— 

- 

- 

2 

6 

1 15 

1 15 

0 15 

0 11 

gra> black 

- 

_ 

_ 

1 

1 3 








Gray black 

Gray wooded 

- 

- 

- 

5 

2 

1 IS 
1.10 

0 16 

0 10 

- 

- 

! - 

7 

1 

1 04 

1 0 

oli 

All eoil zones 

11 


0 17 

57 

1 14 


_5 

1 os 

0 15 

32 

1 11 

0 12 

1 
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variance tor these two varieties for rend/ina, l)lack earth, and northern black 
soil zones showed no significant difference of thiamine content between varie- 
ties or soil zones. 

The content of liboflavin in oats is mc^re uniform than in barley. The 
a\erau:es for varic'ties differ bv onl\ O.OG /xc^m. per I'm., which is much less 
than the standard deviation tor an\ one \ariet\. Anahsis of variance indi- 
cated that clifTerentes between varieties, as wc‘ll «is between soil /ones, weie 
not significant. 

Wheat 

l"our wheat varietic's were assa\ed lor thiamine, as is indicated In the data 
in the upper hall of 'Fable IV. Decreasing amounts ol this \itaniin as shown 
b\ \aiiet\ averages oc'c ur in ('arlton. Reagent, Renown, .iiid Thatcher. The 
first of these was grown on onl\ two scjil /onc^s, but its v.ilue lor eac'h of these 
was higher than for an\ of the other thiee vaiietic^s grown in ihe same zone. 
Since its over-«ill ,ivcTage is O.GG per gm. higher than for the second 

variet\ and its stanclaicl dc'viation is 0 12 it would seem to be easih the bc^st 
ol the lour. Onh fi\e samples of Renown weie collected, and fiom two soil 
/ones, so little can be c one hided about it That the difllerent'e betwe^en Reagent 
and 'Fhatc'her is significant is shown b\ an anahsis ol \ariance for these two 
\arieties giown in se\en soil /ones. 'Fhis chlleience h«is ah each bc‘en men- 
tioned b\ Jackson and \Vhitc‘sicIe (7) and Whiteside and Jackson (12). At 
the same time the an.ihsis ol \atiance did not re\eal an\ significant dilTerenc'es 
between soil zones. 

That the riboflavin contents of these four varieties are much the same is 
shown b\ a comparison of the «i\eragc‘s rc-portcKl in the lower hall ol Table IV. 
'Fhe cliflerenc-e ol 0.08 between the lowest and highest nboflaxin cemtents is 
mcMiiiiigless. This is not in accord with the findings ol \ndrews ef al. (8), 
who leported 'Fhatc her wheat to contain moie ribofla\in than Renown. An 
examination of soil /one averages reveals no marked diffeiences lor the \arious 
zones. The lowest average tor a group containing at least two samples is 
l.Oa jugm. per gm., the highest 1.18. Most standard deviations approach or 
exceed the difteience between these two. Again there is no unilormitv in 
order of riboflavin content by soil zone for the difterent \arieties. 'Fhesc 
general conclusions weie veiilicd by an anahsis ol variance for ribofla\in 
cc:)ntent of Regent and Thatcher wheats grown on seven soil /oncx. 

('orrelation coefficients for thiamine with ribofla\in and for each of the 
vitamins with protein and ash were calculated for each of the three cereals. 
These values are reported in Table There are signific'ant positive 
c'orrelations betw^cen protein and thiamine in oats and barley and between 
protein and riboflavin in wdieat. There is no correlation between protein 
and thiamine in wheat or between protein and riboflavin in oats and barley. 
A significant positive correLition is found between ash and riboflavin in barley 
and a significant negative one between ash and thiamine in oats. 
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TABLE V 

Correlation coefficienis for thiamine and riboflavin 

WITH PRUTI JN AND ASH 


Cereal 


_ X umber f^j^niples 

Protein-thiamine 
Protein -liboflavin 
A‘^h-lhiamine 
Ash-riboflavin 
Thiamine-riboflavin 

*\Vithi}i a% level of significance. 
**\Vithin 1% level of significatue. 


1 Bariev 

Oats 

Wheat 

1 .« 1 

54 

102 

.5042** 

.7432** 

.0331 

.0019 

I .1303 

.2514*’ 

• — .0tH)3 

- .3016* 

- -.0038 

.3641* 

> .0886 

.1572 

. .0718 

.1580 

.0663 


The lack of a hij;iiificant rorrelalioii between thiamine and either protein 
or ash in wlieat is in harinoii\' with the findings of Johannson and Rich (8), 
thoup:h contrary to those of MclClroy el al. (9), who found one for protein 
and thiamine. These authors report one for protein anti thiamine in oats, 
which is confirmed b\ our results. Their results did not show one for protein 
and thiamine in barley, whereas the one obtained in this investigation is 
within the P ( level of significance. The lack of a significant correlation for 
ash and thiamine in wheat confirms the earlier report of Nordgren and 
Andrews (10) nnIio lound none for winter wheats or Western Canadian spring 
w’heats, though they did for .\merican-growMi spring wheats. Our not obtain- 
ing a c'orrelation lietween riboflavin and protein in barley and oats c'onfirms 
the results of Mch'lro\' and his cow’orkers, but the one betw'een ribofiavin and 
protein in wheat does not. 

The significant correlations are of interest and ma\ indicate a causal 
relation, d'he values arc too small to permit the prediction of vitamin contents 
from ash or protein ones. 
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A SIMPLE ELECTRICAL METER FOR ESTIMATING 
THE MOISTURE CONTENT OF GRAIN* 


H. E. Rasmussen- and J. A. Anderson® 


Abstract 

A simple clcctric*il meter has been devi^^id for esiimatinj? the moist lire ( onteiit 
of grain. It acroinmodatcs a 190 gni. sample which forms the dielectric ot a 
condenser in the plate tuning circuit of a triocle crystal os( illator. An increa^ 
in the dielectric constant due to moisture in the sample is comi)ensate(J tor by 
removing capacity irom a variable condenser att.iched to the dial of the instru- 
ment. A piezoelectric plate determinc*s the fie(juen(\ at which the triode 
section of the lulie will Osc'illate, and this stale is indicated by a change in the 
shadow angle ol the indicator section of the same tube. I he meter has l>een 
calibrated with 159 samples ot ('anadian hard red spiing wheat; the standard 
error ot estimate was found to l>e 0 30 over the range from 10 to 17% moisture. 

A number of electrical meters for estimating the moisture content of grain 
b\ nuMsiiring elcctric<il properties are now (‘ommercially a\ailable. In most 
of these, the dielectric constant ol the grain is determined b\ frequency 
deviation or phase shift methods which involve relatively complex circuits 
and the use of ai'curate indicating instruments. The meters are therefore 
expensive. A meter with a simpler electrical circuit, which it should be 
[)()ssible to manufacture and market more cheaply, was devised b\ one of 
us (U.E.R.) in 11) la. A similar circuit has sinc'e been described by Fischer (1 ). 
The CV.R.I.. meter (christened with the initials ol this L.iboratory ) is described 
in the lollowing thn^e sections dealing with design, circuit, and openitlon. 

General Design 

A photograph ot the instrument is shown in I'ig. 1. .All components are 
att.ndicd to an etched metal p<inel supported on .in oak case which houses 
the measuring circuit and power supph. The rectangular lube at the back 
of the photograph (inside dimensions, 10 by 5.5 by' 0.75 in.) extends about 
equally above and below' the panel. It has spring-lo.ided horizontal gates 
in the center and at the bottom, and thus provides a lo.iding hopper and a 
measuring cell. A white push knob for opening the g.ite that dumps grain 
into the cell is shown at the lett of the hopper; .i corresponding knob on the 
right controls the gate that empties the grain from the cell into the draw'cr 
in the end of the oak G.ise. Small black knobs at front and back are the 
power sw’itch ami fuse mount. The main dial of the instrument is shown at 
the front. Between this and the hopper there is a shield which protects the 
top of an electronic tube that indicates, by' a change in the shadow angle, 

' ^fanuscript received December 27, lff48. 

Paper No. 97 of the Grain He.search Laboratory, Board of Grain Commissioners for 
Canada, Winnipeg, Manitoba, and No. 269 of the Associate Committee on Gram Research. 

* Senior Xechnician. 

* Chief Chemid. 
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when the dial has been correctl>- adjusted in making a reading. Other mechan- 
ical details are not described because they are relatively unimportant and will 
doubtless be changed if the meter is redesigneil for factory production. 



Fig. 1. Photograph oj G.li L otoi'^liire aider. 


Electrical Circuit 

The circuit is shown in Fig. 2. A OEo electron ra\' indicator and triodc 
tube T has the plate circuit tuned to the frequenr\’ (7.3 Me.) of a piezoelectric 
plate by a resonant circuit consisting of an inductance L and three condensers, 
Cl, Cl, and Ci, in i)arallel. 

Variable condenser Ci (30 pnxi.) can be set with a screwdriver and is used 
merely to compensate for unpredictable interelectrode and distributed capaci- 
tances of the circuit components. Variable condenser (15 tiyS.) has 
attached to it the dial of the instrument, and its capacitance can thus be 
varied to tune the plate circuit. Each dial division represents 0.144 ju/xf. 
capacitance. The condenser Cs is a dielectric cell in which the grain is placed. 
It consivsts of two aluminum plates, 8.9 cm. by 12.0 cm., spaced 1.9 cm. 
apart, attached to the insides of the bakclite walls of the rectangular tube 
previously described. Capacitance at the terminals of the cell, when empty, 
is 17.0 nfjLt. 
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When grain is placed in the cell, the capacitance is increased by an amount 
which is a function of the moisture content of the grain. The dial is then 
turned to remove capacitance from C 2 until the product L (Ci + C 2 + C 3 ) 
attains the value at which oscillation begins. The decrease in plate current 
through the resistor R (100,000 ohm) then causes an abrupt increase in the 
shadow angle of the indicator section of tube T. When this change is ob- 
served, the position of the dial is read on an arbitrary scale. 



Owing to the very high Q of the oscillator grid circuit, the value of plate 
tuning capacitance at which the crystal begins to oscillate is critical, especially 
when approached from the capacitive side. Once oscillations have started, 
a larger change in plate tuning capacity is necessary before the circuit drops 
out of oscillation. Accordingly, the point of balance must be approached 
slowly, so that the meter reading will represent the beginning of oscillations. 

Power is obtained from a full wave rectifier, a resistant e capacity filter, 
and a pair of voltage regulating lubes. The instrument is designed for 
1 15 V. a-c., but variations of ± 10 v. do not aflfect its operation. Alternativeh’, 
power could be readily supplied by batteries or \4bropack. 

Operation 

Before making a reading, the power must be turned on and the instrument 
allowed to warm up for five minutes. The dial is then turned anticlockwise 
against a mechanical stop. A 190 gm. sample of wheat, the temperature of 
which must be known, is poured into the hopper and roughly leveled. Sharp 
depression of the loading knob dumps this grain into the cell under conditions 
that ensure uniform packing. The dial is then turned clockwise until the 
shadow angle of the indicator tube opens. For the most accurate reading, 
the dial should then be turned back so that the estimated equilibrium point 
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can be approached more slowly. Dial readings are converted to percentage 
moisture by referring to a chart, and the converted reading is subsequently 
corrected for temperature. 

The meter has lieen calibrated with 159 samples of hard red spring wheat 
taken from carlot shipments made during the 1947-48 c rop year. Moisture 
determinations were made on duplicate subsamplcs by preliminary drying 
at room temperature, grinding, and drying overnight in a vacuum oven at 



10 so 30 40 90 eo 

METER READING 

Fig. 3. Scatter diagram showing relation between moiUure contents of wheat determined by 
the vacuum oven method and by the G.R.L, moisture meter. 

100® C. Meter readings were made on duplicate subsamples in a room 
maintained at 72® db 0.5® F. in which both meter and samples had been held 
for at least two days. Fig. 3 shows the resulting scatter diagram for the plot 
of vacuum oven moistures against meter readings. The regression equation 
is: vacuum oven moisture = 0.132 X meter reading + 10.06; the standard 
error of estimate is 0.36% moisture. A preliminary study of the effect of 
temperature indicates that the correction is 0.06% per 1®F.; this is added 
for temperatures above and subtracted for temperatures below 72® F. 

This study comprised part of a larger investigation in which nine meters 
were compared ; a paper on this work is in preparation for early publication. 
The G.R.L. meter ranked fourth in accuracy. Errors of estimates for the 
remaining eight meters were 0.23, 0.28, 0.35, 0.41, 0.45, 0.48, 0.49, and 0.58. 
The two most accurate instruments measure resistance; so that the G.R.L. 
meter, in spite of its simplicity, is essentially equal in performance to the 
best dielectric moisture meters tested in this laboratory. 

Reference 

1. Fischer, R. B. Ind. Eng. Chem., Anal. Ed. 19 ; 835-837. 1947. 
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FROZEN STORAGE OF POULTRY 

V. EFFECTS OF SOME PROCESSING FACTORS ON QUALITY' 

By Jesse A. Pearce^ C. G. Lavers’ 

Abstract 

Examination of a numIxT of phases of |>ouItrv prcxessing showed that birds 
of optimum (piality were obtained b\ . using a IH) sec bleeding lime; dipping in 
a semi-scald tank for 40 sec. at 128° F., operating both shafts of the rough- 
plucker at the same spt^eds, operating the rough-plucker at conditions such 
that the lublxjr hngers did not exert a force gieater than 11 lb on the carcass, 
and carefullv' training operators ot hand-roughers Splitting the (arc-asses up 
the back, eviscerating, and packing flat leduced the space required for packing 
to less than 50% of that required b\ present methods, and still, permitted 
reassembh ot the bird into a presentable form toi roasting. An imi>act d\namo- 
meter was iiselul in detecting unfrozen spots in the birds. Injecting various 
solutions into the canviss before freezing, and measuring the drip from the 
defrosted muscle, showed that maintaining the proper ratio of s^dts and water 
in the muscle reduced drip. Rleeding time hacl no elfect on development of 
oti-odors in stored ixmltr\ but evisceration before storage markedly reduced 
development ot otf-cxlor on the eviscerated siirfac'e and in the thigh me«it 
Coating eviscerated birds U'tore freezing with carrageenin gel containing C% 
scxliuni chloride dela\ed development of oft-otlor on eviscerated surfaces of 
detiosted caic'asses. 

Introduction 

Earlier papers in this scries (lescril)e(l the eflfects of prccooling, rates of 
freezing, and trozen storage on the quality ol poiiltrv. However, little pub- 
lished information is available with respect to effects of killing and plucking 
procedures on qualitv ot trozen poultrv. The present paper describes studies 
on effects of different intervals between killing and entrv into the semi-scald 
tank on dressing out and keeping qu.dities; detection ot unfrozen cores in 
carcasses; methods that reduce the sp.ice required for packing and storage; 
and preserViition of the evisc'erated surface after detrosting. 

Methods 

Manx of the appraisals were subjective, and, since the\ dealt with factors 
affecting the grading, were made b\ inspectors of the Dominion Department 
ot Agriculture according to G.inadian regulations (2). Other subjective 
appraisals were made b\ taste panels recruited from the staff o\ the National 
Research Laboratories. 

1 Maniistnpt received January 27, 

Contribution from the Divtuon ot Applied Biology, National Keseanh Count il Laboratories, 
Ottawa. Issued as Paper Xo. 22S oj the Canadian Committee on Food Presenatwn 
and as A./? C. \o VJJto. 

* Biochemist, Food Investigations. 
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ment, Maple Leaf Milling Co , Toronto, Ont. 
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The various quantitative methods are dcbcrihed in those sections in which 
the\ \\cre used. 

'Phe j)rocedure used in dressing poultr\ in many Canadian processing plants 
and used in this stud\ is l)iiefl> as lollovvs. The birds are killed, allowed to 
bleed tor a short period (bleeding time) passed through a tank of violently 
agitated warm water (.semi-sc.dd tank), and then between the rotating sh<ifts 
ot an automatic rough-plucker where hollow^ rubber fingers beat off most of 
the leathers. The lingers, about Si 2 in* long and a/S in. in diameter, are 
placed in rows on the shafts, which are about 0^2 in. in diameter. The 
leathers remaining alter iough-plu( king are removed b> a hand-rougher or 
In hand. The hand-iougher usualh consists of a revolving drum, about 
22 in. in diameter, with rubbei fingers about f in. long on its surface. The 
o^hape of these fingers varies -some are circular and hollow, others are square 
and solid. The birds are held against these fingers b\ hand and the remainder 
of the coarse leathers are removed. After the bitds leave the hand-rougher, 
pin-leathers are remov'ed b\ hand. 

Some plants have additional equifiment lor evisceiating birds, but in these 
studies, evisceration was done in the laboratorv hy hand. 


Prefreezing Processing 

hffect of Bleeding Time on Quality 

In this phase of the studv, the interv.ds allowed between killing and entiy 
ol the carcass into the semi-scald t«ink were 30 and 90 sec., since the use of 
longei or shorter times or ot more ihiin two time inteivals caused too much 


lABLE I 

EfFICI 01 30-SlC \M) <K)-SI C IMI RVALS mi ism I V SIICKINt* \ND SI MI- 
SC AIDING ON PROCI SSIN«. DFl I CIS IN POIIIRV 


Defective birds, % 


Detect 


Chicken 

30-sec 1 


Pwir feather removal 

12 8 

1 5 

Scalding 

5r» 5 * 

45 0* 

Rubbing 

52 0 

3'» 7 

Skin blcH.*ding 

13 3 

15 2 

Fowl 

Poor feather removal 

0 2* 

8 2* 

Scalding 

31 7* 

29 4* 

Rubbing 

33 6 

18 2 

Skin bleeding 

7 3 

1 2 


*1^0 significant difference between the values for the 30-scc and ^)0-sec, intervals. 
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inconvenience in the commercial plant. Unfortunately, the automatic control 
on the semi-scald tank was not operatinjj: on the day of this trial, and the 
temperature in the tank had to be controlled by hand. This resulted in 
temperature variation in the water from 128® to 132® 1'. The birds remained 
in the tank for 45 sec. One shaft of the rouj*h-pluc ker was turning at 330 
r.p.m. and the other at 290 r.p.m. The hand-rougher was operated at 300 
r.p.m. 

In all, .ibout 800 birds were processed, about 400 at each bleeding time. 

The results (Table I) showed that birds classed as chicken suffered more 

defects than birds classed as fowl. Kcjr chicken, the short bleeding time 

rcduc'ecl the efficacy oi feather removal by the rough-plucker. On the other 

hand, fe.ithcr removal was impossible if bleeding time ^\as piolonged for 
five minutes. Rubbing, i.e., .ibrasion of the skin b> the rubber fingers, uas 
greater in birds bled for 30 sec. and is believed to be a direct leflection ot the 
increased handling required to remove leathers on the hand-rougher. A 
90 sec. bleeding time effectiveh reduc'ed the incidence of skin bleeding. In 
genenil, these results show that a 90 sec. bleeding time is more desirable 
than a 30 sec. bleeding time, and for chicken in partic ular, a 90 sec bleeding 
time effected a marked reduction in the number of feathers that must be 
removed b> the hand-iougher. 


I \BU: Tl 

EniCI ()1 lIMFIR\riRI \M) JIMl IN SIMI-SCMI) T\NK ON FORCI RK)MRLD lO 
RI MOV I II \1H1 RS I ROM FOl I TR\ 


(10 to 10 birds processed at each condition) 


1 eiiip , F 

1 mu , stc 


Fc^rre, o7 


Flam \ 1 

Plant B 

Chicken 

Fowl 

1 ('hit ken 

125 

30 

15 

22 

24 


40 

13 


15 


50 



15 

128 

20 

12 




3() 

11 

20 

23 


40 

15 


11 

130 

20 



9 


30 



11 

132 

15 

13 


10 


20 

lb 




30 

8 




10 

7 



134 

15 

15 




20 

8 



136 

15 

5 
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Effect of Time and Temperature in the Semi-scald Tank 

The time that birds are in the bcmi-scald tank and the tcm[)erature of the 
water 4 iflects not only the qual!t> ot the dressed birds but also the effectiveness 
ol the plucking operations. 

Table 11 shows the effect of conditions in the semi-scald tank on the average 
force required to remove small leathers from the wings and tail (feathers 
clamped to spring scale). Work was done at Plant A earl> in September, 
w^hen biids were still moulting. Relatively little force was required to remove 
the le.ithers, and excessive times and temperatures were neccss<ir> to effect 
am reduction in force icquired. Work was done in Plant B in late November, 
and, at the tower temperatures and shorter dipping times, the forc'c required 
to iemo\e the leathers was generally much higher than for September birds. 
The effect of time ot \car on the e<ise ol feather remov.il requires more study. 
Howe\er, for the two periods studied here, appioximately^ unilorm resistance 
might be obtained by the use of appropri.ite dipping times and temperatures. 
In genei<il, these results show that the force required to remove feathers 
from the birds is i educed In increasing the water temperature in the semi- 
scald tank and by increasing the time of dipping. 

'l'<iblc III shows that the effect of semi-sc'ald tank operation on damage 
(combined scwlding and lubbing) to the carcass is complicated by plucking 
opeiations In Plant A, the biids were examined after passage through a 
rough-pluc'ker with shafts rotating at 380 r p.m. and a hand-iougher operating 
at 130 r.p m. In Plant B, the birds were examined after passage thiough a 
rough-pluc kei only, with shalts turning at 300 r p m. Birds processed in 
Plant A at the intermedi<ite temperatures showed least d.iniage at the longest 
dipping times, while birds proc'essed in Plant B showed greatest dam«ige at 
the longest dipping times. 'Phis discrepancy was tipparently due to the use 
of the hand-rougher in Plant A. At the longer clipping times, feathers were 
more easily remo\cxl by the hand-rougher, which reduc'ed the dam.ige from 
rubbing. Prom these results and the lesulls in Table II, dipping for 40 sec. 
in a tank containing water at 128® h. seemed most desirable, it the operation 
of the two t\pes of pluckers was satisfac tor\. 

Effect oj Pliicker Operation on Quality 

This study was made in onK one plant. To eliminate damage trom scalding, 
the water in the semi-sc.ild tank was at 125° 1'. and the dipping time 30 sec. 
This temperature and time combination is lower than that recommended in 
the pievious section and feather removal in the rough-plucker was less 
c omplete. 

'Fable l\' shows that the amount b\ which the rubber fingers overlap, from 
a gap ot 2^ 2 in to an overlap of 3^2 in , had little effect on rough-plucker 
openition but that the two shafts had to be operated at the same speed if 
excessive rubbing was to be avoided. If the shafts were operating at the 
same speed, the least rubbing damage occurred when the rubber fingers did 
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lABLE III 

ErUCT OF 7IMPIRAT17RF AND TIMP IN SFMI SCALD TANK ON 1 1 ATHLR R^MOVAI 

AND DAMAC.r 

(JO to 40 birds examined at each condition) 


1 emp , ° F 

Finic, see 

Plant A 

Plant B 

Birds 

dama((ecb % 

Feather 

removal 

Birds 

damaged, % 

125 

30 

10 

Fair 

10 


40 

50 

Goexi 

58 

128 

20 





30 

1)0 

Good 

50 


40 

25 

Good 

80 

J30 

20 


Good 

06 


30 


Good 

90 

132 

15 

100 

Fair to Gtxxl 

81 


20 

80 




30 

8S 




40 

()b 



134 

15 

55 




20 

00 



13() 

15 

100 




1 \BI h l\ 

VCIORS IN ROUr.H M I CKFR OPI RAIION \m CFIXCt I ORCl ONIHI UIRD, I I \ I III R RLMOV VI 

\ND DAMM.P 


(10 to 10 birds examined at euh operating condition) 

Hough plucker 

M 1 X 1 mum 



Speed r p m 

Overlap of 
lingers in 

Fntrance | 1 xit 

downw ird 
foret on 
birds lb 

I c It her 
rtmovil 

Dam iged 

bircls % 


lajts at \anii spud 


270 

2*2 

0 

7 0 

l^oor 

0 


3*2 

1'^ 

S 0 

Poor 

0 

3t)0 

0 

0 

8 8 

Fur 

20 


1 

1 

10 6 

I ur 

10 

440 

2*2 

0 

13 6 

Good 

85 


lafts at difftrent spuds 


330, 310 

1 

0 

9 8 

Fair 

80 


3'j 

1'2 

7 1 

Fair 

77 

380, 410 

0 

-2' 2 

11 2 

(jcxkI 

75 



0 

13 3 

Good 

77 
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not exert a maximum force (measured by a spring scale) of more than about 
1 1 lb. on the bird’s carcass. 

Table \' shows that use of the hand-rougher (335 r.p.m.) under semi- 
scalding conditions approximating those described above doubled the damage 
to botli chicken and fo^vl. Since little mechanical change can be made in 
this hand-rougher, the operators must be given special training in its use to 
avoid excessive damage at this stage of the operation. 


TABLE 

Ki iLci oi* nwn plickfr o\ damm.f io birds 
(30 biicls of each 1 \ik‘ examined at each operating condition) 


]C(|ui})mcnt iibcd 


Hough plucker onh 
Hough and hand plucker 



Birds damaged, % 


('hicken 


Fowl 


30 

i>2 


42 

83 


Paikiu^ Poultry for Freezmg 

Current methods ot piicking poultrx \\a.ste space, so it was of interest to 
examine other methods. I 'or this ])urpose, Wwv York dressed birds weighing 
()0 lb. per doz. were used, which, b\ current packing methods, require a 
box with inside dimensions ol 2t b\ 14^^ b\ in., i.e., approximatelx 2()00 
('ll. in. (Fig. 1). ICvisccrating the birds and removing the heads and feet 
rcdiK'ed the size of the l)ox required to 24 by 14* 2 b\ 5* 2 *”•» be., to approxi- 
matelx 1900 cu. in. 

Further ('omparisons w'cre made using eviscerated birds. \ arious methods, 
based on cutting the bird through the center ol the \entral cavity or on 
cutting the l)ird completeh in half, were tried and discanh'd, since the bird 
could not be reassembled to make presentable roast ('hicken and sinie the 
hreast mus('les w'ere exposed w'ith the added danger of spoilage in the most 
meat\ portion of the bird. Splitting birds up the back reduced the time 
reijuired for evisceration and permitted eas\ reassembly for roasting, but 
packing with the back halves of two birds in the bod\ cavity of the third 
.saved little si)a('e. 

(\itting the birds up the back and flattening by cracking the ribs provided 
packing in a minimum of space and still permitted reassembK into a present- 
able form for roasting. Two methods of packing were scdected from the 
large number possible. In the first, the flattened birds were packed on edge 
WMth the neck or thighs alternately toward the bottom of the box. This 
pack required a box with internal dimensions of 21 by 8 by 9*2 in., i.e., 
approximately 1000 cu. in. In the second (Fig. 2), the birds were packed in 
three columns with the breast surface of one bird in the eviscerated cavity 
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Fi(. 1 Curnni fiuthod of paiktn^ poultry of htrd\, dO lb 1>ir doz 

FKi 2 A sui^^estid nnthod of patkin^i poultry i\,ttt^ht of birds^ hO lb pir doz 
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of another. Necks and legs in each row were alternated to reduce the space 
required. This pack fitted into a box with internal dimensions of 21 by 8 
by 7 } 2 in., i.c., approximately J250 cu. in. 

Both of these methods effect considerable saving in space and in packing 
material but have some disadvantages. Jn the common method of packing, 
the frozen birds can be separated fairly readily for sale, but in both the sug- 
gested methods the birds freeze into a solid block and cannot be separated 
readily unless completely defrosted, or unless two sheets of a light, dry-waxed 
paper are placed between the birds. I'he first of the suggested mctlKnls pre- 
sents an unsightly appearance because of the protruding necks and joints; 
the second suffers from an objection to piling birds on top of each other. 
Neither method permits easy grading. However, these disadvantages are 
offset by the advantages; ease of evisceration, saving in packing material, 
and saving in space. In addition, the reduction of exposed surface should 
help reduce the freezer-burn that occurs during extended storage periods. 

Freezing Poultry 

Measuring Freezing 

Several studies of factors affecting freezing rates in poultry have been made 
(5; 0; 7; 9, p. 438) and, in these, freezing time was defined as the time required 
for the temperature to be reduced by a definite amount. Development of a 
dynamometer for testing hardness and depth of freezing in frozen foods (8) 
permitted a comparison between these factors and freezing lime as assessed 
by conventional temperature measurements. 

In this phase of the study, three- and five-pound birds at about 31° F. were 
hung at intervals of 1 ft. in rooms operating at — 28°, —10°, 0°, and 20° F., 
with gentle air motion. Thermocouples \vere placed in the centers of the 
birds and the freezing time was that required to attain a tenij^erature of 20° F. 
in the center of the bird. If poultry flesh is similar to the flesh of other 
animal products (G) about 10% of the water would still be unfrozen at this 
temperature. Freezing times by this method w ere determined w ith a standard 
deviation of zt O.fl hr. and were, therefore, considered satisfactorily repro- 
ducible. 

Dynamometer measurements w^ere made at each sampling time in three 
parts of the birds’ carcass: in the breast area, between the lower ribs, and 
m the abdomen. There was little difficulty in allowing for passage of the 
dynamometer through the bones; but air cavities in the viscera were a prob- 
lem, since they offered no resistance to the dynamometer. The best point 
for mecisurement appeared to be betw^een the lowx^r ribs, but the results 
presented here arc the average for all three sets of readings. 

The temperature measurements (Fig. 3) showed that increasing the tem- 
perature of the freezing chamber from — 28° to 0° F. increased the freezing 
time from 5 to 12 hr; at 20° F. the freezing time was about 48 hours. 
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The times in which the birds were frozen to an> fixed depth (assessed by the 
dynamometer) paralleled the freezing time; and the hardness of the frozen 
portion, as measured b> resistance to dynamometer penetration, increased 
uniformly as freezing progressed at any given temperature. 'Fhe marked 
variation in hardness of birds frozen at different temperatures had no effect 




0 10 20 30 40 50 0 10 20 30 40 50 

TIME, HOURS 

Fi(^ 3 rite fretztng of ^(o') and j-(») Ih thuken canasse^, as assessed by an impad dyna- 
mometer, and as related to the time for the tenter of the tarcass to reach 20"* F determined uith 
thermoiouplt s arrow marked 3, point at uhuh 3-lb birds reached this temperature, arrou marked 
point at uhuh o-lb birds reached this temperature 

on the detection of unfrozen portions, which have no resistance to the dy nanio- 
meter. It was concluded that, for poultr\ , the usetulness ot the d\ namometer 
will probably be confined to the detection ol unlrozen spots in the carcasses. 

Reducing Drip in Frozen Poultry 

Studies elsewdiere (7) have shown th«it open canals or vacuoles mav be 
retained in muscle fibers b\ fast freezing. This retention of vacuoles w^as 
believed to be an indication of intrafibrillar freezing. Vacuoles ma> be 
present in the muscle fibers ot live or freshly killed birds, although they’ may^ 




262 


CXNAPIAN JOURNAL OF RESEARCH. VOL. i7, SEC. F. 


not be delected by present histological techniques. Their presence in the 
muscles of rapidly frozen birds (7J, and the reduced drip in defrosted birds 
that have been frozen rapidly (5), may be an indication that rapid freezing 
is necessary to preserve the vacuoles and, thereby, to reduce drip from the 
muscles after defrosting by retaining the fluid in vacuoles. If this is so, 
fluid might be retained by other procedures, such as the injection of solutions 
that would reduce pH changes, or alter the diffusion of ions that normally 
occurs in dead muscle tissue. This problem w^as examined by introducing 
various solutions into the birds* muscles, allowing the birds to stand for about 
an hour before freezing in about five hours, and by measuring drip after 
defrosting. 

The solutions used were: water, iV ammonium hydroxide, phosphate 
buffer at pH 7.2 (3, p. 200), and 'r>nKle*s mcxlification of Ringer’s solution 
(1, p. 2a7). The number of aliquots in an> part of a carcass w’as roughly 
proportional to the amount of muscle believed to be in that portion of the 
bird and to a limiting amount ol 30 ml. per lb. of muscle; i.e., its moisture 
content would be increased fnmi approximately 70% to 85%. ICacb solution 
was used on groups ot four birds; in addition four birds w^ere frozen without 
injection, and four unfrozen birds were examined. 

Drip was measured as the per cent decrease in weight by a technique similar 
to that described elsewhere (5) except that the right and left chest and thigh 
muscles w^ere dissected from the frozen bird and drip measured without 
mincing. 

'Fhe data were subjected to statistical analysis and the results are given 
in Table VI, ('best muscles lost a significantly greater quantity of flukl 


TABLE \ I 

EM‘EC1 of ADDINO 30 ML. OF VARIOCS SOLI HONS PI R LH. ()!• UIRl), HI I ORF I RI I /I\(., ON IHE 
\Mor\T OF DRIP 1\ Dl FROSIl I) POULTRY MUSCLI S 

(Four birds given each treatment) 


Treatment 


Unfrozen 

None 

Frozen 

None 

Water 

Ammonium hydroxide 
I’hosphatc buffer 
Tyrode’is solution 

Necessary difference, 5% level 

Average 


Amount of drip, % 


Chest 

Thighs 

Average 

2 5 

1.4 

2 0 

3 4 

2 0 

2 7 

5 4 

4 0 

4 7 

5 0 

4.0 

4 8 

1 6 

4 2 

4 4 

4 1 

3.0 

3 8 



0 8 
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than thijjh muscles, but, although frozen untreated muscle exuded more fluid 
than unfrozen muscle, the difference was not statistically significant. 'Fhe 
injection of water into muscle caused a marked increase in drip, but a large 
portion of the added water was retained by the muscle. The use of T>rodc*s 
solution gave a product with significantly less drip than that containing added 
water, indicating that retaining the projier ratio of salts and \v«iter in muscle 
may help to retain its structure during freezing. Evidence ot v«iruoles w.is 
found in frozen sections of only the muscles injected with 'f^rcxle’s solution. 

Retaining Quality After Freezing 

Frozen Storage 

Poultry in chill or frozen storage develops an undesirable odor in the flesh 
of the thigh. It has often been suggested by processors and others that this 
cxlor was attribut.ible to the short interv.il that elaspes between killing the 
bird and intrcxlucing it into the semi-siald tank. It was believed that the 
bird entered the waiter with its heart still beating, th.tt the dirt\ semi-scald 
water containing bacteria was pumped through the veins and .irteries, and 
that, during storage, bacteria retained in the thigh caused the off-odor 
On the other hand, the possibility exists that off-(xlors come liom the vis(er,i, 
as only a thin membrane separates the visceia from the meat in the thigh. 

To examine this question, (hade A fowl piixessecl in .in e.irlier ph.ise of 
this study were stored <il 0® and 30® F. and examined .it the inter\.ils shown 
in Fig. 1. Forty birds h.ul been subjected to the 30-sec. bleeding time .ind 
40 birds to the 00-sec. blecxling time. E.ich grouj) of birds yv.is dixided into 
four lots: two lots from e.ich group y\ere eviscerated; one lot ot eviscerated 
and one lot of nonevisccrated birds from e.uh group y\as stored at each tem- 
per.iture. At each sampling time random p.iirs of birds were drawn from 
e.ich lot and grouj), .ind the b.ictcrial count in the thigh muscles was deter- 
mined. All the birds were submitted to a t.iste panel of 24 persons who 
smelled the eviscerated surfate and the thigh me.it and scoied it accoiding 
to a scale from 0, no off-cxlor, to 5, gross off-cxlor. 

The viable b.acterial count varied from 10- to 10* per gm. of thigh meat 
. 111(1 did not change during storage at either temperature. 

The ta.ste panel data were subjected to statistical analysis and the signi- 
ficMiit results are given in Fig. 4. They showed that bleeding time had no 
effect on the development of off-cxlor either on the eviscerated suiface or 
in the thigh meat, but that off-odors increased rajiidlv in the viscera and were 
transmitted to the thigli meat. Therefore, eviscerating seems to be a desirable 
step in processing frozen poultry. 

Storing Defrosted Birds 

The eviscerated surface of poultry is usually believed to deteriorate rapidly^ 
unless the carcass is frozen, and this deterioration is reputed to be more 
rapid in defrosted birds th.in in birds that have never been frozen. Therefore, 
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0® F. 30® F 



STOKAOC TIME^ DAYS 

Fi(f 1 Chan^ie in off-odor on the evisieratid snrfate and in thi thi^h of evisterated and non- 
ei lacerated foul stand at 0° and 'iO^ B 

it was ot interest to determine the storage life of defrosted birds held at 
temperatures of 40®, OO®, and 80® F. and to examine possible methods of 
extending storage life at these tempenitures. 

For this stiid\ , birds weighing 00 lb. per dozen were eviscerated and treated 
before ireezing as shown in Table Vll. Wrapping was done b\ heat-sealing 

lABLC \II 

SrOR\GT LIFl , HR, OF DFtROSllD IVISCIRATII) POILIRY IRIATI-D IX VARIOLS WA\S AND 
HI I 1) \T DirFERI NT II MPFRAIURIS 


1 emperdtures, °F. 



40 

60 

80 

None 

120 

31 

12 

Partial cook 

120 

16 

8 

‘‘Cellophane" wrap 

48 

25 

12 

5>odium benzoate dust 

120 

31 

12 

Biiul ester of />-h>dro\ylienzoic acid dubt 

120 

31 

12 

Calcium propnonate dust 

120 

48 

34 

CarrAgeenin gel coat 

108 



Carrageenin gel coat (4% sodium chloride) 

168 

72 


Carrageemn gel coat (6% sodium chloride) 

1 192 

83 

32 
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the birds in 450 M.S.Y.T. ** Cellophane”. Carrageenin gel, an extract of Irish 
moss seaweed, was applied by dipping the birds into solutions, at 212® F., 
consisting of 4% of a 4 to 1 mixture of carragcenin and potassium chloride 
(4) to which 0, 4, and 6% of sodium chloride was added. The eviscerated 
birds were partially cooked by placing them in a chamber which was brought 
to 212® F. in 15 min. and held at that temperature for 30 min. The dry 
chemicals were dusted on the eviscerated surface only. Off-(xlors on the 
eviscerated surface were scored on a scale from 0 (good) to 4 (very badly off) 
and a sc'ore of 2 was considered the limit at which the birds would be suit.ible 
for table use. The numbers of viable bacteria on the eviscerated surface 
were determined at intervals, but the counts were too irreguLir to be ot value. 

Table VII shows the time in hours required for the birds to reach an off-odor 
score of two. Unwrapped, untreated birds kept for 120, 31, and 12 hr. at 
40®, ()0®, and 80® F. respectively. Wraf)ping in Celloph«ine or partial cooking 
caused more rapid deterioration than holding untreated birds in the open. 
Dusting with dry chemicals had no effect. Uoating the birds with carragcenin 
gel containing (5% scxlium chloride approximately doubled the storage life. 
The gel is easily removed, and in this study, as in another stud\ of the use of 
salt for preserving qualit\ in unfrozen birds (10), the salt did not aflect the 
palatability of the flesh. 
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A SEMIQUANTITATIVE METHOD FOR THE DETECTION 
OF ACETIC ANHYDRIDE IN ACETIC ACID^ 


By (i Binson- \nd R M Kitchi n® 


Abstract 

When icttu icid is hindktl in dtiniinum it is import int foi reisons of 
corrosion Rsisiante thit the itid lx not eompleteU inh\dious a tondition 
tint ri suits if iiitts of Ktlu inludridt tre pusint \ (|Ui(.k colorimetric 
test chiHiidinc on the rcution betwetn icctic 'inhxdridc with aniline h ib Ixcn 
de^eloIxdl)^ w hu h it is possible to ele lee t 0 05% '\ectie inh>diide in leelu \cid 


In tlu nianut.K tine, shipment, «ind use of e:laeial aeetii aticl eonsidcTable 
use IS mule of aluminum \essels and pipe lines, the eoiiosion lesistanee of 
which IS \ei\ v,o(k 1 when, as is noimal the aeetic aeid eontams tiaee's of wate'r 
In peiteetK anh\diniis aectu acid, however, the late ot eoiiosion is quite 
lapid (■) ()) and lare must fie taken in industnal piactue to ensure that 
anhxdioiis act tie acid does not come into pioloni^cd contaet with aluminum 
1 he onh cut iimstances undei which anhvdious conditions aie likelv to be 
piodiued and maintained is b\ the addition ot acetic anhv chide to ace tie acid 
1 he I ite ot eoiiosion ot iluminum In aeetic anhvcliide is i>ieater than th.it 
bv i»hci il acid (c 00 7 ^ ( ic id) but is much smallc r than the i \te In anhvdious 
icicl 1 lom the coriosion standpoint theielorc, it is the i)reseiue ot small 
amounts ot aeetic anhvdiide in .teetie icid that is partic tilailv iindesii.ible 

I he cuive shows the late of eoiiosion of aluminum in the boihiu^ licpiid 
plotted ai»ainst aciclitv expressed as acetic aeicl, 100^ icetic anhvclriele beiiu^ 
thcietoie' le'piesented In 117 aeidilv 

I hese icsults weic obt.uned In boilinc* weighed samples of sheet .iluminum 
tot.illv immeised in mixtuies of the acid with .inhv chicle oi with watei in i 
flask fitted with a reflux condenser att iched to i di\im» tube, and leweij^hini, 
altci interv ils varvinu: iiom one to sevcial d.ivs I he <ip|)ioxim.itel\ 1()(K^ 
.icicl was obt lined bv addinu acetic anhvdritle to 00 0^ ^ acid and in this 
solution the metal sample completelv disintec>i.ited in a few davs 

\cetie acid is usuallv cstimatcHl bv free/injj: point or In direct titiation 
The former will, ol couise, not distinguish between watei and aeetie .inhvdricle 
.IS an impuiitx Iitiation will peimit ot this distinetion but veiv caretul 
.inalvtu il technique is lequiicd, sinec the titration hgure obtained in the 
piesenee of 0 .icetic anhvdiide will clitfei trom that for 0^ J anhvdiidc bv 
less than 0 02^ 

^ Afanusenpt r(C(ued in oriffinal form Octohir 15 and a^ raistd March Vi Vi'fi 

tontrihiitwn from the Plant Research Department Shauinigan Palls Que Presented 
before the Analytical Chemistry Dnision of the Chemical Institute of Canada^ Montreal, One, 
June 10 VJjS 

‘ Director of Plant Research 

^ Assistant W orks Chemist 
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Acetic anhydride may be determined b> direct titration or by the difference 
between total acidity and acidity after reaction with aniline. The second 
method also requires many precautions and has been found to be quite inade- 
quate for the rapid estimation under plant conditions of small jx^rcentages of 
acetic anhydride. 



% TOTAL ACIDITY AS ACETIC 

Fi(. I llu corrosion of uluminuw by acctu and —ivalcr and antic acid -antic anhydndc 


Foi the measurement of low concentrations of acetic .inhulride methods 
have been described in the literature involvini* reaction with die hloraniline 
followed b\ extraction with chloroform (3), or b\ determin*ition of excess 
die hlor.iniline with bromide*- bromate sejlution (2). Both *ire accurate but 
take loiu*er than is desirable. A e'olorimetrie te*st dependini» on the Lieber- 
mann-Burchard reaction for e'holeMeiol (I) is not sufticienlK sensitise 


Strenj»th ot at id, % 


Corrosion ialt\ e;in /m ^/da\ 


50 
(A 
02 
00 7 
100 
103 o 
JIO 5 
118 


50 
12 3 
0 8 

0 03 
287 

10 5 

1 5 
0 7 


The follow’injy method, depending on the reaction of at'etic anh\dride with 
aniline followed b> a colorimetric test for free aniline b\ its reaction with 
furfund (4), was developed. In the hands of relativelv unskilled analysts 
it will detect O.ii^e acetic anhydride in acetic acid and wdth practice the limit 
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of detection can be reduced to one-tenth this amount. The color reaction of 
aniline with furfural was found to be more sensitive in this application than 
other more common tests. 


Experimental 

Two reagent solutions are required, one of 5% aniline in pyridine, and one 
of 1% redistilled furfuraldehyde in acetic acid. 

If less than 0.5% anhydride is present in the acid, 1 ml. of the aniline solu- 
tion is mixed with a 10 ml. sample and allowed to stand one minute. Then 1 ml. 
of the furfural solution is added. If no anhydride or less than 0.5%, is 
present in the acid a cherry-red color develops. If 0.5% or more of anhydride 
is present, a faint straw color will develop. 

A test may be made for as little as 0.05% anhydride by using only 0. 1 ml. 
of the aniline solution for a 10 ml. sample. In this case, of course, the color 
developed b\ <i negative sample is much less intense. 

The acetic anhydride in a siimple may be estimated to within zbO.05% by 
using sufficient aniline to develop a color and choosing the best match to 
this color with the color from a series of standards, which should be freshly 
prepared, containing 0.0, 0.1, 0.2<^J), etc. anhydride. 

However, we have generalh found it sufficient to use the test as a limit 
gauge at a selected anhydride concentration such as 0.2%„ using such quan- 
tities of aniline that no color will be developed if the anh\dride be above 
this limit. 

The following substances have been found not to interfere with the test when 
present in concentrations likel> to he encountered in dealing with commerc ial 
grades of acetic acid; etlnlidene diacetate, copper acetate, acetaldehyde (uj) 
to 1%) and water (up to 10%). 
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THE MODIFIED LAMBERT CONFORMAL PROJECTION 
FOR POLAR AREAS' 

By C. H. Ney* 

Abstract 

The search for a map suitable for aerial navigation over polar regions has led 
to the development of the Modified Lambert Conformal I’rojection for Polar 
Areas. In this paper the author points out the properties required in a map for 
polar navigation, and shows to what extent this projection satisfies these reciuire- 
ments. 

Introduction 

During the last war, the military importance of the Canadian Arctic was 
brought sharply into focus when it was found that a German meteorological 
station had been set up in Greenland to aid the Nazi Air Force in its attacks 
on the British Isles and to obtain information for possible attacks on the 
North American Continent. About the same time, the Allied Nations 
undertook the development of northern aerial routes linking Alaska and 
Northern Canada with Europe and Asia. As a result, it soon became apparent 
that the supply of maps of Arctic Canada suitable for aerial navigation was 
very limited and for the most part, unsatisfactory. 

In 1945 and 194(5, as a member of the Sub-committce on Navigation, 
Associate Committee on Aeronautical Research, National Research ('ouncil, 
the author undertook the development of a suitable polar projection for aerial 
navigation in Arctic Canada. 

Most of the unsatisfactory features of long-range polar navigational maps 
had been well known for some time. Postwar experimental flights by the 
United States Army Air Force and the Royal Canadian Air I'orce from 
Continental Canada northward over the Arctic Archipelago have substan- 
tiated most of the known criticisms, which may be listed as follows: — 

(а) Unsatisfactory basic map projections, 

(1) Where the meridians are delineated as curved lines, azimuths cannot 
reiidily be scaled from the map. 

(2) Lack of conformality. 

(3) Large distortion in scale at the outer edge of the map. 

(б) Too small a scale. 

(c) Congestion of meridians close to the Pole. 

(rf) Inadequate numbering of parallels of latitude and meridians. When 
the map is folded on the navigator’s table, the numbering is often 
hidden from View. 

(e) Congestion of isogonic lines near the geographic and magnetic poles. 

(/) Inaccurate magnetic data. 

(g) Inaccurate plotting of land masses. 

^ Manuscript received in original form December IS, W48, and as revised, March 9, 1949. 

Contribution from the Triangulation Adjustments Division, Geodetic Survey of Canada, 
Mines, Forests and Scientific Services, Department of Mines and Resources, Ottawa, Canada. 

* Chief. 
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Polar projections such as the stereographic, the equidistant, and the 
gnomonic give fairl> satisfactory representations of terrestrial regions close 
to the Pole; but ^here the area to be mapped is extended down to latitude 
(> 0 °, the selection of a suitable projection becomes a more difficult matter. 
For the investigator ot polar mapping, there is a projection — the Lambert 
("onformal with two standard parallels- which merits consideration. I'his 
projection was first developed about 1770 by Johann Heinrich Lambert, a 
German mathematician, and wms used extensively by the French in the First 
World War. In studying the mapping of polar areas, this projection might 
easil\ be passed over with scant consideration. However, a careful study of 
the subject leads to the conclusion that L.imbert’s projection may" be so 
nuKlilied and adapted to high latitudes that it outclasses most of the other 
possible choices. Most of the standard projections are developed on 
tangent plane oi cylinder. The fact that the Lambert projection is developed 
on a secant cone suggests at once a considerable reduction in scale errors 
over the map as a whole. The conformal characteristics of the projection 
lend assuiance that a/imuths ot great ciicde couises will be acc uratcly shown. 

On Lambeit’s projection, the scale errors around any point arc the same 
in tdl directions. At each standard parallel, there is no error in sc'ale. IClse- 
where on the map, the magnitudes and signs of the scale errors vary with 
the latitude and depend to a large extent upon the spai'ing of the standard 
parallels. The scale errois are ])c)siti\e in sign for the areas betw^een the 
southerly standard parallel and the outer edge of the map and betwe^en the 
northerly standard paiallel and the l\)le, and negative for the .iiea between 
the two standard parallels. B\ taking advMntage of this feature, a high 
dc'gree of c'ompensation ma\ be attained in the distiibution of scale eirors 
over the map as a w hole. 

Modification of the Lambert Projection 

In the true Lambert Gontoimal projection, 6 = L.AX, where 0 is the map- 
ping angle, AX the corresponding tiue diftcTenc'e ot longitude, .ind where the 
numerical value of L depends upon selected latitudes lor the two standard 
paiallels. As the value ot L is alwavs less than unitv, the projection c'ould 
not be used tor mapping 3()()° in longitude at the Pole without leaving a 
wedge-shaped, blank area extending from the Pole to the outer edge of the 
maf). Obvdously this would lie a verv unsatisfactory tvpe ot map lor aerial 
nav igation. 

By shitting the northerly standard parallel closer and closer to the Pole 
the value of L can be made to approac h unity . At the same time, the critical 
position of the southerly standard pandlel which will minimize and com- 
pensate the scale errors over the map as a wdiole can be found. 

In order to jilace the standard j)arallels at the most advantageous positions 
to satisfy the requirements enumerated, a number of possible arrangements 
were tried out. A sufficient number of scale errors were computed for each 
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choice to be of help in making subsequent selections. After four or five 
trials, the following latitudes were adopted: 

Northern Standard I^arallel 89® 59' 58" 

Southern Standard Parallel 71® 00' 00" 

It was not possible to place the northerly standard parallel exactly at the 
Pole, as some of the formulae used in the computation of the map elements 
would then become indeterminate. 

Resulting from this choice, the value of L was found to be 0.99737541 — a 
close approximation to unity. 

In the compulation of the radii of the parallels of latitude and the scale 
errors, the value 0.99737541 was used throughout, in strict accordance w ith 
the mathematics of the true Lambert projection. In establishing the 
positions of the meridians, a slight deviation from the orthodox projection 
has been made. At a ver\ slight sacrifice of conformalitx , the meridians have 
been established on the assumption that L equals unit\. This means that 
the mapi)ed value of the dilTerence of longitude between two meridians is 
arbitrarib made equal to the true difference of longitude on the earth’s 
surlace. This modification, while altering the true I.ambert projection vers 
slighth with regard to conformalit\ and sc<ile, permits of 300® mapping 
around the Pole wathout le.iving an undesirable gap extending from the Pole 
to the outer edge of the map. 

The «ictu«d construction of the graticule is verv simple. With the Pole 
as the center, concentric circles are drawn having radii equal to the calculated 
values. The meridians are then drawn as str.iight lines radiating from the 
Pole with the mapped differences of longitude equal to the corresponding 
values on the earth. 

Scale of the Map 

In conformit> with the suggestions of a number of navigation officers of 
the R.C'.A.F. «ind the P.S..\.A.F., a sc.de of 30 nautical miles to the inch 
has been adopted. A preliminary projection drawn on i\ s('.dc of 00 nautical 
miles to the inch w’as tried out and found to be inadequate. 

The Effect of Modification on the Scaled Distances 

Fig. 1 shows the relation between the mapping angles 6 and 0' on the true 
and modified i)rojections, respectiveh. 

'rhe difference betw^egn the corresponding lengths of the great circle courses 
AB and AB' rei)resents the distortion in scale due to nuKlification. WV then 
have 

AB' - AB = 2 R cos - 2 /? cos ^90° - 

AX . L.AXN 
= 2 /? I sin sin 1 . 

V 2 2 / 
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True Lambert Projection Modified Lambert Projection 

Fig. 1 . Mapping angle on the true and Modified Lambert projection. 


The ratio of distortion, due to modification, to course length, 


AB^ - AB 


will be a maximum for a short east-west course. For such a course, AX and 
i.AX are so small that their values in radian measure ma> be substituted for 
their sines, so that 


AB' 


\2 2 / 


- (1 - L) 
= 0 . 0020 . 


This represents a ratio of distortion error to course length of about 3/10 of 
one per cent. 

It is also found that if the point A remains stationary and the point B 
moves progressively around the latitude circle containing A^ the ratio of 
error to course length will decre.ise i)rogressively till a minimum value is 
reached when AX = 180®. 


The Effect of Modification on the Scaled Azimuths 

From Fig. 1 it is seen that on the true Lambert projection the azimuth at 
A of a course AB with both terminals on the same latitude circle is 90® — 

2 

while the corresponding azimuth on the modified projection is 90® — 
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The error in azimuth at i4, of the course AB, due to modification, therefore is 

— (1 - L) or 0.0013123AX. 

2 

For AX = 10®, error = 1' 

AX = 90°, = 7' 

AX = 180°, ‘‘ = 14' 

As both the scale and azimuth errors resultinj^ from modification are 
relatively small, they need not be considered a valid objection to the use of 
the modified projection for navigational or mapping purposes. 


The Computation of the Map Elements 

The formulae used id the computation of the various constants, the map 
elements, and the theoretical scale magnification are given below. 

All computations arc based on the Clarke Spheroid of 18()(). 

Siemimajor axis a = 0 378 200 4 meters 

Semiminor “ i = G 35G 583 8 “ 

Eccentricit\ e = A/ ^ 

log = 7 8305026 - 10 


log 


= 9 9970504 - 10 


To Find Log tan , where Z is the isometric colatitude, we have 
2 


and 


Z = 90 — 0', and 
6 - 

Tan 0' = -7 ^ 


where 0' and 0 arc the geocentric and geodetic latitudes, respectively. 
For latitude 71°, 


Z 


= 9° 33' 3() 20 


log tan - = 9.22G39418 - 10 
2 


Similarh for latitude 89° 59' 58", 


log tan^ = 4 08800440 - 10 
2 


To Find The Comtant A 


A = 


_ (1 — sin® <t>)^ 


a sin I" 
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Substituting and reducing, we get 

log (0 *! 71 ®) = 8.5084085b — 10 

log i4 (0 B “ 8.50825180 — 10. 

To Find The Com^tant L 

^ _ log cos (l>i — log cos <^2 — log 24 i + log A 2 

~~~Zx ^2 ’ 

log tan— _ log tan — 

u here <^i, Ai and Zi pertain to latitude 71® and <^ 2 , -<42 and Zi pertain to latitude 
89° 59' 58". Inserting the numerical values of the above symbols and 
1 educing, we get 

L = 0.99737541 
log L = 9.99885806 - 10 . 

I'o Find The Constant K 

cos 4*1 cos (hi 

A = = . 

Ai sin 1 " L taii^' — Ai sin 1 " L t.in^'~“ 

2 2 

h'or latitude 71°, the southerly standard parallel, we have 

log^i = 8 5081085 - 10 
log sin 1" = 4 0855749 - 10 ^ 

log L = 9.9988587 - 10 
, , j Zi 9 2284249 - 10 

2 2 4212()09 - 10 

log cos 01 = 9 5120419 — 10 

log A' = 7 . 09m50 

A similar computation lor latitude 89° 59' 58", the hititudc ol the northerly 
standard p.irallel, gives the same value of log A. 

With the constants L and A evaluated, the radii of the concentric latitude 
circles for each degree ot latitude between 05° and the Pole are computed 
from the formula 

A = A tan^' ^ . 

2 

The resulting values are given in Table I. 

The Scale Error 

For the nnxlified projection, the scale error at any parallel of latitude will 
be the algebraic sum of the theoretical scale error of the true Lambert projection 
and the scale error due to modification. As the latter has already been 4 
shown to have little practical significance, the theoretical value may be 
considered applicable to the modified projection. Its value is derived from 
the formula 
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1 \BLE I 


Lati- 

tude 

R, meters 

R, inches* 

Perce ntage 
scale 
error 

Lati- 

tude 

R, meters 

R, inches* 

Percentage 

scale 

error 

b5 

2,703,834 

19 713 

1 98 

78 

1,313,528 

23 027 

- 1 53 

6t) 

2,b50,330 

17 072 

1 01 

79 

1,203 008 

21 0.50 

- 1 <)8 

07 

2,537,225 

45 037 

1 25 

80 

1,0^)3,958 

19 077 

- 1 81 

08 

2,424, Wl 

43 010 

0 91 

81 

984,378 

17 700 

- 1 93 

09 

2,312,108 

11 588 

0 00 

82 

874,911 

15 737 

- 2 03 

70 

2,200,003 

39 573 

0 2<1 

83 

705,530 

13 770 

- 2 10 

71 

2,088,333 

37 503 

0 00 

84 

050,232 

11 804 

- 2 10 

72 

1,970,<K)1 

35 559 

- 0 27 

85 

540,975 

9 838 

- 2 19 

73 

1,805,747 

33 55<) 

- 0 ()2 

80 

437,741 

7 874 

- 2 20 

74 

1,754,855 

31 505 

- 0 76 

87 

328, 198 

5 90*J 

- 2 18 

75 

1,044,205 

29 574 

- 0 98 

88 

219,205 

3 943 

-2 11 

70 

1,533, / / 8 

27 588 

- 1 18 

89 

109,794 

1 975 

- 1 90 

77 

l,423,5t>2 

25 000 

- 1 3t) 

90 

0 

0 000 

0 00 


Applicable to map on icatc oj 30 nautical milts to the inch 


LRA sin 1" 

m = — , 

cos 4> 

whete m ib the magnifitation of the stale alonu; an> paiallel of latitude. The 
perientage ratio of scale error to length of couibe theiefoie is 100 (1 — m). 


hoi latitude 71°, 

log L 
“ R 
“ A 

It g sin 1" 

Itig cos 71° 
“ m 
m 

St ale error 


= 9 998 8.')8 (.() - 10 
= 0 .819 799 82 
= 8 .j08 408 .50 - 10 
_ 4 ()8.5 . 574 87 - 10 
“ 9 .512 041 91 - 10 
= 9 .512 041 91 - 10 
= 0 
= 1 
= 0 


At latitude 71°, the location of the bOutherl> btandartl parallel, the stale 
errtir shtiuld ot touise he equal to zero. 


For latitude 84°, 


log Z, = 9 998 8.58 60 - 10 
“ R = o 817 0.57 28 
" = 8 .508 207 94 - 10 


log sin 1" 
log cos 84° 


_ 4 08.5 574 87 - 10 
“ 9 009 758 75 - 10 
= 9jm9 234 57 - 10 
= 9 990 524 - 10 


m = 0 9784 


Scale error = 2 10% 
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Table I gives the radii of the latitude circles in meters and in inches for a 
map scale of 30 nautical miles to the inch. In addition, the theoretical scale 
errors on a true Lambert projection are given in column three for each degree 
of latitude between 65® and the North Pole. 

Table II gives the values of log A. 

TABLE 1 1 


Latitude 

Log A, nieters» 

Latitude 

Log A, meters 

Latitude 

Log A, meters 

65 

8 6085159 - 10 

74 

8 5083643 

83 

8 5082738 

66 

8 50849tU I 

75 

8 5083509 

84 

8 5082680 

67 

8 508177() 

76 

8 5083381 

85 

8.5082631 

68 

8 5084594 

77 

8 5083267 

86 

8 5082590 

66 

8 5084418 

78 

8 5083158 

87 

8 5082559 

70 

8 5084248 

79 

8 50830.56 

88 

8 5082536 

71 

8 5084086 

80 

8 5082964 

89 

8 5082523 - l( 

72 

8 5083930 

81 

8 5082880 



73 

8 5083783 

82 

8 5082805 




From the tabulation, it is seen that the error at the outer edge of the map 
is +1 .98^0 latitude 71® and at the North Pole it is zero, and at latitude 
86® it is — 2.20%. Owing to the compensating effect of the positive and 
negative signs of the errors at different parts of the map, the over-all scaled 
value of a long course is usually correct to within 1%. 

Examples of Great-Circle Courses Plotted 
on the Modified Lambert Projection 

To demonstrate the accuracy with which azimuths and distances may be 
scaled from the projection, a number of long geodetic lines* joining assumed 
terminal points on the earth’s surface were plotted on a Modified Lambert 
Projection. To facilitate the demonstration, the latitudes and longitudes of 
a number of intermediate points on each course were computed by precise 
geodetic formulae. The initial azimuths and the azimuthsf of the courses 
at each intermediate station, and the distances between intermediate points, 
were also computed so that the sc'aled values could be accurately compared. 

Table III gives the latitudes and longitudes of the intermediate points on 
each course. It also gives the theoretical and scaled azimuths of the geodetic 
line at each point on the course and the differences between the theoretical 
and scaled values. It will be noted that, for the chosen lines, the maximum 
error in the scaled azimuth at any point was about one-third of a degree. 

* A geodetic line is the shortest line joining two points on the earth's surface treated as an 
ellipsoid of revolution. 

Aerial navigators usually consider their flight lines as great-circle courses on a sphere 
having a radius equal to the mean radius of the earth. Azimuths and lengths of the courses com- 
puted on this assumption, while not strictly correit, are usually well within the limits of accuracy 
required for aerial navigation. 

t In Canadian survey practice, azimuths are reckoned clockwise from the north from 0® to 360^, 
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TABLE III 

Comparison of A^IMU^IIS (orfat circlc coursi ) 


Point 


Ldti tilde 


Longitude 


Azimuth 


Computed 


Sealed 


Difference 


Coune A 


7 ? Oil ILat, 

From Point 1 4^‘ 


W. 


to Point 7 


[Lai, 

{Long, 


Length * 2071,1 nautical miles 


80^N, 
10°2r 36' 


,4 E, 


1 

fi/)° N. 

145° 59' 42" 4 W. 

7° 05' 13" 6 

7° 15' 

10' 

2 

68° N. 

145° 00' 00" 0 \V. 

8° 00' 00" 0 

7° 55' 

5' 

3 

74° N. 

141° 50' 12" 2 W. 

10° 54' 01" 5 

10° 10' 

11' 

4 

80° N. 

135° 12' 32" 9\V. 

17° 27' 53" « 

17° 30' 

2' 

5 

87° N. 

67° 44' 57" 0 W. 

84° 40' 57" 1 

84^" 30' 

ir 

0 

87° N. 

57° 0.V 5<)" 5 V\ . 

95° 19' 02" 6 

95° 15' 

4' 

7 

80° N. 

10° 21' 36" 4E. 

102° 32' 00" 3 

162° 30' 

2' 


Course B 


1 

2 

3 

4 

5 


From Point 1 


(Lat, 6.5° N, 
{Long. 12fP01' 12" 
Linujth 


a IF. 18" 

1 ^.9J 7 nautical miles 


'/ W, 


65° N. 

129° or 12" 6\V 

20° 18' 12" 3 

26° 30' 

11' 

68° N. 

125° 00' 00" 0\\. 

30° 00' 00" 0 

29° 45' 

15' 

74° N. 

111° 29' 33" l\\ 

42° 47' 42" 5 

42° 45' 

3' 

79° N. 

71° 28' 01" 0\\. 

78° 53' 4()" 3 

79° 10' 

16' 

79° N. 

51’ 51' 18" 1 W. 

101° 06' 13" 7 

1 

100° 5.V 

11' 


Course C 


From Point 1 


jUit, nr 

\j^ong. 100° 


N, 

ir 


to Point i if"'- 


Length =917 3 nautual miles 


{Long, 61^ 27' 21" 6 TP. 


1 

65° N. 

100° 00' 00" 0 W. 

12° 47' 47" 0 

42° 40' 

2 

68° 

92° 07' 04" 4\V. 

50° or 44" 6 

50° 00' 

3 

71° 

79° 30' 36" 2 W. 

01° 50' 54" 0 

61° 50' 

4 

73° N. 

61° 27' 21" 6\\. 

79° 02' 05" 3 

78° .50' 


Course D 


From Point 1 


fLat, 6.5° y . p . , \Lat, 

\Long. ,96°0r 20" W ^ ^ \Long. 

Length = 628 8 nautical miles 


70° N, 

71° '^9' iS" 8 IV'. 


1 

65° 

96° 04' 20" 0 W. 

50° .50' 15" 4 

50° 30' 

20' 

2 

08° N. 

85° 00' 00" 0 \\ . 

01’ 00' 00" 0 

61° 10' 

10' 

3 

70° N. 

71° 19' 23" 8 W. 

73° 18' 37" 2 

73° 35' 

16' 


Course E 


From Point 1 


{Lat, 6o° N, 

\Long, 88° 16' '//' ir 
Length = 383 


to Point 3 


nautical miles 


[Lat, 

{Long, 


68° X, 

65° 00' 00" 0 W, 


1 

65° N. 

88° 16' 40" 0 W. 

1—1 

CO 

ac 

CO 

o 

01° 25' 

13' 

2 

67° N. 

70° 48' 44" 4\\. 

72° 07' 16" 7 

72° 10' 

3' 

3 

68° N. 

05° 00' 00" 0\V. 

83° 02' 26" 0 

83° 15' 

13' 

1 
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TABLE III (continued) 

Comparison of A/iMrxHs (oreaf circle coursi:'i 


Point 


Latitude 


Lonc[i tilde 


Azimuth 


Difference 


Computed 


Scaled 


Course F 


From Point 1 


(ImL S. 

XLona. t20° ir. 
Length 


jiMt. 75° t5 \V. 

{long. /t5° 5V 25^’. 0 W. 
1509.8 nautical miles 


to Point 9 


1 



120° 

00' 

00" 

0\V. 

35° 

20' 

00" 

0 

35° 

15' 

5' 

2 

G7° 


tlG° 

17' 

48" 

8\V. 

38° 

13' 

01" 

2 

38° 

25' 

18' 

3 



111° 

tl' 

12" 

0\V. 

12° 

50' 

33" 

0 

43° 

00' 

0' 

4 

71° 


105° 

to' 

51" 

0\V. 

48° 

38' 

l.V' 

3 

•18° 

10' 

2' 

T) 

73° 


07° 

13' 

03" 

0\V. 

5G' 

41' 

21" 

5 

5G° 

10' I 

1' 

G 

71° 

30' 

S7° 

25' 

02" 

4\V. 

GG° 

OG' 

01" 

0 

GG° 

15' i 

0' 

7 

7.V 

30' 

75° 

45' 

27" 

GW. 

77° 

21' 

57" 

2 

77° 

10' 

12' 


7o° 

51'31".l 

G2° 

43' 

IS" 

H\\\ 

00° 

00' 

00" 

0 

00° 

10' 

10' 

1) 

75° 

15' 

t5° 

51' 

25" 

0 W\ 

J0G° 

20' 

21" 

5 

10G° 

35' 

15' 


'Pablo 1\' shows the theoretical and scaled distances, respect ivel\ , between 
the intermediate points on the lines. It also shows the difference betw'een 
the two values expressed as a percentaj>e of the scaled distance. It is seen 
that the maximum ratio error in a scaled distance is 2.2^, r. 

Lonji; great-circle courses will in general be slight 1\ curved lines concave 
tow^ards the pole, The\ diverge from the nuip chord, wdiich is the straight 
line joining the terminal points of an\ course. Fig. 3 shows the divergence 
between the map chords and the great-circle courses for each ol the six experi- 
mental flight lines A, C, D, E and F. 

Nomogram for Plotting Great-Circle Courses 

For laving down great-tircle courses graphicalK on the projection with 
speed and accuracy, a nomogram shown in Fig. 2 has been developed. It 
gives at once the offset distance at the center of the map chord to the great - 
circle course and the angle in degrees at each termiiicd point betw'ocn the 
map chord and the curved line constituting the great-circle course. 

Points may also be established by offset from the chord at quarter-length 
intervals. This, however, should not be necessarv except for extremely long 
courses. 

The nomogram is applicable onh to the full size map of Arctic ('anada on 
a scale of 30 nautical miles to the inch. To be aj^plicablc to the linecut repro- 
duction of the map show/^n in Fig. 3 (about one-fourteenth original scale), the 
numerical values of the chord length in inches and the perpendicular distance 
in inches on the nomogram scale showm in Fig. 2 w^ould have to be similarly 
reduced. 
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TABLE IV 


Comparison oi distances (naltical mills) 



Distance 



Points 

— 

— 

Diflercntc 

Percentage 


Computed | 

Scaled 


error 

Course A 

1-2 

182 1 

184 2 

+ 2 1 

+ 1 1 

2-3 

son 1 

307 8 

4- 1 7 

+ 0 5 

3-4 

372 3 

365 7 

- 6 <> 

- 1 S 

4-5 

55S 7 

54<i 0 

- 12 7 

- 2 2 

5-f. 

33 2 

32 7 

— 0 5 

- 1 5 

6-7 

558 7 

545 0 

1 - 12 8 

-2 2 

1-7 

2071 1 

2010 0* 

- 30 2 

- 1 5 

Course B 





1-2 

201 () 

207 3 

1 4-2 7 

+ 1 3 

2-3 

415 S 

417 0 

+ 1 2 

+ 0 3 

3 4 

5W) <1 

57S 1 

- S 8 

— 1 5 

1-5 

25S 4 

255 0 1 

1 -3 1 

- 1 3 

1-5 

1 1‘)5 7 

1480 S* 

! “ 

-0 t. 

Course C 


~ 

- — 

— — 

1-2 

261 2 * 

I 2>>(> 1 

4-4 0 

1 + 1 *» 

2-3 

320 5 

322 2 

-h 1 7 

+ 0 5 

3-1 

355 5 

1 354 0 

— 1 5 

-0 1 

1-1 

<)37 2 

042 0* 

+ 4 8 

1 + 0 5 

1 

Coufse [) 





1-2 

320 7 

325 3 

1 -f 4 6 

1 

+ 1 4 

2-3 

' 30S 1 

1 - 

1 310 S 

1-2 7 

1 +0 0 


1 (i2S S 

(.3(> r 

+ 7 3 

1 + ^ ^ 

Cout\( k 





1-2 

305 0 

1 

30>l 3 

j 4* 1 3 

1 

+ 1 1 

2 3 

27S 1 

2S0 8 

+ 2 1 

1 1 0 <) 

1-3 

5S3 4 

' 5'I0 r 

1 + 1) 7 

+ 1 2 

1 

Course [ 





1-2 

150 7 

153 3 

4" 2 

+ 1 7 

2-3 

150 0 

1 1(»0 5 

4- 1 5 

+ 0 0 

3-1 

172 5 

' 173 J 

4-0 6 

4 0 3 

4-5 

lOS'O 

108 3 

+ 0 3 

1 +0 2 

5-(i 

ISS 0 

1 186 0 

“ ' 1 

1 - 0 6 

(>-7 

101 2 

180 3 

-1 0 

1 - 1 0 

7-S 

105 1 

103 2 

- 1 0 

’ - 1 0 

8-0 

255 3 

255 (» 

+ 0 3 

+ 0 1 

1-9 

1500 8 

1506 6* 

+ 3 2 

+ 0 2 


* The Haled dtMami alon^i the straight line joining the termimih is slightly lesi than the sum 
of the component parts of the great-imle course. 



Chord length in inches 


«0 


CAN \DJ \N JOURN \L OF RLSLARCll T OL ^7, SEC 



Fii.. 2. Nomogram • 


Perpendicular Distance in inches 
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Directions for Using the Nomogram 

(1) On the map, join the plotted terminal points of the course to be 
flown with a straight line to form the map chord. 

(2) Measure the length of the map chord in inches. 

(3) Measure the perpendicular distance from the geograf)hical pole to 
the chord. 

(4) Place a straight edge on the nomogram with one end on left-hand 
scale at the reading corresponding to the chord length and the other 
end on the right-hand scale at the reading corresponding to the 
perpendicular distance. 

(5) At the point where the straight edge intersects the center-chord 
offset scale, read off the value of the offset distance from the center 
of the chord to the great-circle course. 1'he latter will alwa>s be 
on the side of the chord remote from the pole. 

(()) If more points are required on the great-circle course, join the 
newl) established central point with each terminal, forming two new 
chords. The offset distance to the great-circle course from the 
center of each new' chord will be one-quarter of the original offset 
distance. 

(7) 'File initial azimuth of the great-circle course ma> be readily 
derived by adding (or subtracting) the value of the conversion angle 
between the chord and the great circle course. This angle ma\ be 
taken directly from the nomogram b\ setting a straight edge at the 
corresponding reading of the chord length and perpendicular distance 
on the left and right-hand scale, respective!}, and noting where the 
straight edge intersects the conversion angle scale. The conversion 
angle is added to the scaled azimuth of the chord for all azimuths 
between 0® and 180° and subtracted for all azimuths between 180° 
and 3G0°. 

B\ la} ing off the conversion angles on the chart from the terminals of the 
chord, and establishing the central point on the great-circle course b} offset 
distance from the map chord, the great-circle course m^i} be drawn with 
sufficient accurac} for ordinary navigational purposes. 

Numerical Example — Course F 

Scaled chord length = 50". 3 

Scaled perpendicular distance = 27". 0 

From the nomogram, we get 

(а) Center chord offset = 0".30 

(б) (Conversion angles at points 1 and 9 between 
chord and great -circle course 


= 1°30' 
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Fig. 3. Reproduction of Map of Arctic Canada— on Modified Lambert conformal projection. 


Adding to (6) the scaled value of the initial azimuth of map chord (33° 45'), 
we get 35° 15' as the initial azimuth of the great-circle course. The calcu- 
lated initial azimuth is given in Table III as 35° 20', differing only by 5' from 
the value derived by the graphical method. 

The value of the center chord offset for the map chord to the great-circle 
course scaled directly from the plotted position of Course F (by Table 111) 
is 0".37, giving an agreement to 1/1(W in. with the value derived from the 
nomogram. 

With the aid of a flexible ruler or baton, the two terminal points and the 
center point of the great-circle course may be joined by a curved line giving 
an almost exact representation of the true great-circle course. 

General Description of the Map 

Fig. 3 shows a reproduction of the finished map, upon which the six great- 
circle courses have been plotted. The spacing and numbering* of meridians 
and latitude circles, the faint delineation of land masses and topographical 

' ’On the small-scale reproduction of the map shown in Fig, J, it was not possible to show all 
the numbering of meridians and parallels of latitude. 
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features, and the marking of settlements and air bases are, in nearly all cases, 
in conformity with suggestions put forward by officers of the United States 
Army Air Force and the Royal Canadian Air Force. The square grid system 
with lines parallel to and at right angles to the Greenwich Meridian was 
included to facilitate navigation by the “G” system first proposed by W/C 
K. C. Maclure of the R.C.A.F., who flew over the North Pole in the Aries 
in 1945. 

Airmen who have made extensive use of this map on flights over polar and 
subpolar areas have reported the following desirable features: 

(а) The limits of the projection extend from latitude (>5° X. to 2® 
beyond the pole. 

(б) With the standard parallels at latitude 89® 59' 58" and 71® 00' 00", 
the scale errors over the map as a whole are practically negligible. 

(f) The azimuths or true bearings of great -circle courses may be scaled 
with sufficient accuracy from the chart. 

{d) The scale of 30 nautical miles to the inch is satisfactory. 

{e) The omission of isogon.ils until such time as more reliable magnetic 

data arc available. 

(/) The prominence of l.ititude and longitude designations. 

(g) The decreasing number of meridians in the polar region lessens 

congestion. 

(/z) The grid lines are conveniently spaced. 

The navigational map of Arctic ('anada has, however, one undesirable 
feature common to all maps of our subpolar areas. As the systematic mapping 
of areas north of latitude ()5® has been inaugurated in recent >ears only, there 
are insufficient surve>' data available at the present time to make possible the 
correct delineation of the polar land masses and details of topograplu’. At 
the completion of several years of the present mapping program, this con- 
dition should no longer obtain. 
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CONTRAFLOW CONTRAROTATING TURBOCOMPRESSORS^ 

Donald L. Mordell^ 


Abstract 

The performance of a turbocompressor comprised of a large number of mech- 
anically independent compressor and turbine stages is considered. Examination 
of the equilibrium conditions of any stage shows its performance, for a given 
design, to be dependent on four variables and hence the performance of the com- 
plete unit is also dependent on the same four variables. Exact arithmetical 
calculation would be possible, but very tedious. In order to render computation 
^sier, the conception of reflected conditions is introduced. Physically this implies 
independence of each stage, in some respects, from its neighbors. The assumption 
is likely to be in error least for intermediate stages, and most for the first and last 
stages. Methods of expressing the aerodynamic performance of the blades of the 
compressor and turbine stages are introduced to render calculation easier. Some 
calculated performance figures are compared ^^ith experimental values and show 
by their reawnable agreement that the assumptions used are valid The methods 
can be applied to other types of complex turbocompressor units by suitable modi- 
lication of procedure and details. 


Introduction 

In 1929, A. A. Griffith put forward proposals for the use of the internal 
combustion turbine for aircraft propulsion (1). He showed that with the then 
existing knowledge such an engine was a practical proposition, and he also 
investigated mathematically the best arrangement of engine. A gas turbine 
engine consists essentially of an air compressor, combustion chamber, turbine 
to drive the compressor, and turbine to supply the useful output. Note that 
the two turbines may in fact form a single unit, and that in the common jet 
propulsion engine the second turbine is replaced by a propulsive jet. Griffith 
proved that in order to obtain a wide range of efficient operation it was desirable 
to arrange the compressor, and the turbine driving it, in a scries of mechanically 
independent stages, each small compressor stage being driven by its own small 
turbine stage. I'he use of ‘small’ here denotes a stage over which the pressure 
ratio is small. The mechanical arrangement of such a unit is shown diagram- 
atically in Fig. 1. 

In this paper we discuss some aspects of the performance of such a unit, 
known as a contraflow compressor. The problem may be put as follows. 
Suppose we have such a unit of given geometrical design. We can express its 

* Manuscript received in original form February 25^ 1949, and, as revised, May 9, 1949, 
Contribution from the Department of Mechanical Engineering, McGUl University, Montreal, 

Quebec, 

* Associate Professor of Mechanical Engineering, 
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over-all performance in various terms, for example, the mass flow, and initial 
density of the air entering the compressor, and its compression ratio and effi- 
ciency, and the four corresponding factors for the turbine. We shall show that 
in fact there are but four independent variables, and they may be conveniently 



Fig. 1. Diagram of a contraflow turbocompressor. 


taken as the mass flow and initial density of the air at the compressor inlet 
and at the turbine inlet. The problem then is to calculate from these four 
indei)endent variables the values of the other four variables and also, the 
working conditions of an> of the, possibly many, compressor or turbine stages. 


M — 
A — 
P — 

P — 
T - 
t — 

P — 
u — 

V — 
Va — 
Vu> — 

4 > — 
r — 
a — 

0 — 

Suffix 1 
2 

Prefix c 
t 

n 


Nomenclature 

mass flow, pounds per second, 

annulus area, square feet, 

total pressure, poundals per square foot, 

static pressure, poundals “ , 

total temperature, ®K., 

static temperature, ®K., 

density, pounds per cubic foot, 

peripheral velocity of blade, feet per second, 

gas velocity, 

gas axial velocity, 

gas whirl velocity, 

U/Va, 

mean blade radius, 

angle between vector representing a gas velocity relative 
to a blade and the axial direction, 

angle between vector representing a gas velocity relative 

to the frame of the machine and the axial direction, 

indicates condition at entry to a stage, 

indicates condition at exit from a stage, 

indicates a compressor stage, 

indicates a turbine stage, 

denotes conditions at stage number n. 
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The stages are numbered from the H.P. end, i.e., the entry to the turbine 
and the exit from the compressor. 


E.g., ntXi indicates the value of quality X at exit from the turbine stage. 
A bar over a quality denotes the value of the ratio. 


E.g., X - 


iX^ 


General Theory 


We start by considering the most general case. The assumptions we make 
are, that at any stage, we may typify air conditions over the annulus by refer- 
ring to conditions at the mean radius, and that in any stage there is negligible 




Fi(». 2. Contraflow compressor — typical velocity vector triangles 

change in the axial velocity. This docs not preclude a change over the whole 
compressor or turbine, but merely that such changes may be represented by 
small discontinuities between stages. 

In Fig. 2 we show diagrams representing the velocity vectors for any com- 
pressor stage and for any turbine stage. Then in any compressor stage m, the 
work done per pound per second of air flowing is, by Euler’s momentum theory 

nrW.ncAVjj “ wcW.nc^o [taUncttl tanncfl2] » 

where is the change of whirl velocity. 

u 

But taiincOi = - - + tan„cj8i = + tan»,i8i , 

nc^o 

tan.c/Si^ tan(n+i)c|8a = (n+i)c^ “ tan(n+i),os. 


and 
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So the work done per pound per second = 

nc 0 + (n-fi)c 0 ” tannra 2 ■“ tan(n 4 .l)ca 2 ] • ( 1 ) 

Similarly in any turbine stage », the work done per pound of gas per second 
is ntVa^. nt<l>\t*xnnta 2 — tannftti] . 


But taiintai = nt0 - tan„ei8i 

and tSLiintfii == tan^n— 1 ) 1^2 = tan(n-i)fa 2 — (n-i)<0. 

So the work done per pound -second = 

n<V^a-n <0[tan(n-l)ea2+ tan„fa2“(n— l)t0 . (2) 

For the rotor to be in equilibrium, the total work done by the turbine stage 
must equal that absorbed by the compressor, plus any frictional or windage 
loss. We may write the equilibrium condition as 

cil/*nfV^a*nr0[nc0 “f"(n-}-l)c0 tan,ictt2““ tan(n-j-l)f®2] “ 

tani,/a2 (w— l)t0 "”nf0]* (3) 

Where cAI and tM are the compressor and turbine mass flows and fe is a factor 
nearly equal to 1, representing friction and windage losses. 

Rearranging Equation (3) wc have 


Af- nVa^* n 0 


• [nc0 4" (n-t-l)c0 tanntCl2 tan(n-j-l) cft2] — 


or 


(n 


[tan(„_i)fa2 + tan„ea2 — (n-i)r0 — n«0] 

tirJ + i] + 

[tan»fa 2 + tan(n+i)ca 2 l . — ~r~~ 4" [tan(„_i)ta 2 4- tannia 2 ] . 


(4) 


This equation is the general equation relating the si:)eed of any rotor to the 
speeds of rotors on either side, and ('an be used for any rotor. It is a second 
order difiference equation and in its general solution has two arbitrary con- 
stants. It is evident that these two constants are related to the direction of 
the air before entering the compressor and the turbine, i.c., the effect of any 
stationary guide vanes. To solve Equation (4) as it stands, is very tedious, 
and for the purposes of this anahsis, we can make certain simplifying assump- 
tions, the validity of which will be discussed later. 

Let us suppose 

nVa = Va for all W, 

nip — ^ for all «, 

nca 2 = c for 1 < n < iV, 

n<a 2 = t for 1 < n < N. 

Note that since ^ = u/Va = r/va then -fva- 
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Equation (4) then becomes 

+ +i"] + X + “■ 


(5) 


For further convenience pul = ifei, — == ^2 

k r 

then (n-l)c0 • ^2 + wc0[fel + ^ 2 ] + (n+l)c^ • fei== ki.2c + 2t. 

Pill fA — -I- fei.2r + 2/ 

"* ■ + 2|t.+ i,] ■ 

Then substituting in Equation (5) we have 

Ax^~^[k2+(kl+k2)x + kiX^] = 0. 

So either Ax^~'^= 0 which means that is constant for all w, irrespective 
of any boundary conditions, which is obviously absurd, or else 

klX^+ {ki+ k2)x + k2 — 0 

(1 + k2^ki)x + jSr2/fei= 0. 

k2 

The roots of this equation are Xi== — 1, JC 2 = — — . 

k\ 

So the general solution of Equation (5) becomes 


nc<t>^A[-k2/k,]-+B[-ir + 


ki * 2c “f* 2/ 

2(fel+ k2) 


(b) 


It remains to determine A and B, We do this by considering rotor « = 1 , 
and rotor n = N, At « = 1, i.e., the first turbine stage, the direction of the 
air, relative to the frame of the machine, is given b> Uin'^fity say. 

Then Equation (5) becomes 

lr^[fel+ ^ 2 ] +2c0 . = fel . 2C + / + (7) 

At n = AT, if the direction of the air, entering the compressor, relative to 
the frame of the machine is given by tan“”^/[^c, then we have 

(n--l)c0 • fe2+nc0(^l+ ^ 2 ) = (c — ^c)^l+ 2/. (8) 

Substitution of Equation (6) in Equations (7 ) and (8) yields 

{ki+ h)\-^.A-B +B+ 

L ki • 2(fei + fe2)J LVfei/ 2(fei + ^ 2 ) J 




= ki2c + / + jSt 


] 


+ 


2(fei + ^ 2 ) . 

(,.+ (- hj + - (c - + 2. . 
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Solving for A and B, and noting that, for an aircraft engine, N would desirably 
be even, so as to balance gyroscopic loadings, we have 

2k\C + ^ _ fei2g "h ^ 4" 

^ ^ fei fea 

1 + + fea/iki) 

j5 s= / — k2C — + fea/fei) _ ^ 

^ 2(1 + ki/ki) 


These then are the two arbitrary constants to go in Equation (6). We note 
that Equation (6) gives us nc^ as a function of 


Cf tf 

Pci Pti 
i^i, ^ 2 i i»e.. 


the stage position and N the total number of stages, 
the gas leaving angles from the moving blades, 
the gas entry angle to the compressor and turbine. 


Mvat 

k 


and 


r 


If we consider a given machine, r, /, jSr, Pti r, and k are all fixed. If now we 
specify Ma and Vai or what is the same, M and p since Va = M/~pA Equation (6) 
is completely defined, and the value of c4>t and thence can be calculated for 
each stage of the compressor and turbine. Now for any given value of c A/ and 
the density at entry to the compressor, we can calculate and since we 
know Nc^ is known. Once the blade velocity and axial flow velocity are 
known, the performance of the stage is completely fixed. Thus the conditions 
leaving the stage can be calculated and the next stage considered, and so on. 
In short, if we know the four independent variables Af, p, and ,A/, rP the per- 
formance of the whole unit is completely specified. There is no loss of gener- 
ality in the simplifying assumptions made and this conclusion applies to any 
machine of this type. 


Reflected Conditions 

It is evident that detailed calculations are tedious, and, in any event, the 
blade angles in any real compressor will not be equal for all compressor stages, 
so that the mathematical expression for the parameter cn^ becomes most com- 
plicated. Fortunately a simpler method can be used for most cases, without 
introducing errors greater than those implicit in necessarily assumed data 
concerning blade performance, to which we will refer later. 

When ncPi = neP^i and ntPi = ntP^i we have a symmetrical or reflected vari- 
ation of the absolute velocity of the gas in its passage through the machine, 
which can be regarded as the condition to be aimed at in design. If we assume 
that this condition is satisfied, the mathematics simplifies considerably. Phy- 
sically, we are in effect considering each rotor on its own without influence 
being exerted on it by its neighbors. The justification for this rather drastic 
assumption is that it makes the sum practicable, and experience shows that 
the results given are sufficiently near the truth to be of great use. 
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Referring to the vector triangles of Fig. 2, it is evident that if we suppose 
fii == Pi in both cases, then the change of tangential velocity component can 
be written 

cAv„= 2(cU — cia tan c^i) 

2(eVa tan <a 2 — tu) . 


Expressing the equilibrium of the rotor, we have 

cM.cU.2{cU —eVa tan eai) = k.tMtU 2{iVa tan tai— tu) 

cM.2 c<l>cVa{e<l> — tan cdi) = k,tM 2t<l>tVa^{tB,n ta2— tif>) 


or 


M (l> vJ 


(c0 


— tan c<^ 2 ) 

M ft>Va 
. . k 

C<P 


= tan ta 2 — 


. tan fa 2 + tan tai 


c4> 

t 

4> 


Af<l>Va^ 

k 4> 


Remembering that 
and 

we have 


0 = U/Va = r/Vn 
Va = MipA , 


c<f> = 


kA~p 


tan c ^2 + tan to >2 


Apr ^ 
kAp rAp 


(9) 


Hence for an> given stage is a function of M and ^ just as we found in the 

M 

more general case. Equation (0) Also since t<\> = . c<l> 

pA r 


t4> = 


tan ta 2 H — zr~ tan 
pAk 


( 10 ) 


Note further that from the vector triangles and the assumed symmetrical 


conditions 

tancai= 2c<^ — tan ca 2 , (11) 

tan (Oi= 2t<t> — tan «a 2 . (12) 

Finally we define = 2|0(tan ta 2 — *0) 

and = 2c0(c0 — tan cae). (13) 

The stage total temperature rise is cA J* = , (14) 

tkp 

and the turbine temperature drop is <Ar = — — . (15) 

tkp 
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Blade Performance 

It remains now to consider, in more detail, the aerodynamic performance of 
the blades. For this we rely on casc'ade tests (2) in which a pack of blades is 
mounted in a wind tunnel and the angle a 2 f and the losses of pressure are 
measured for a range of values of ai and Mni» Such tests are two dimensional 
and when the results arc applied to predict the flow in an annulus some care 
is necessary. It is found by experience (3), that the values of the leaving gas 
angle measured in two dimensional tests may safely be applied to the annular 
flow, whilst to the two dimensional loss measured must be added due allowance 
for annulus and wall friction loss, and also an allowance for the fact that the 



Fig. 3. Compressor blade performance curves —section Gottingen 438, SO deg. Camber, — SO.S 
deg. stagger. 


flow is in fact three dimensional and that there are slight variations in incidence 
up and down the blade, leading to secondary losses. These may be allowed for 
and in Fig. 3 we show a typical set of curves, relating the tangent of a 2 to tan oi, 
and the Mach number. Fig. 4 shows the stage efficiency as a function of ai 
and Mach number. 

A third factor to be considered is the value of the axial velocity. This may 
be calculated from the mass flow and area and density to give a mean value, 
but in practice the growth of the boundary layer in an adverse pressure gradient 
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increases the axial vclcxrity above this value. This may be allowed for if 
necessary by putting in an empirical factor multiplying the right hand side of 
Equations (14) and (15), known as a work factor, or it may be taken care of 
by putting in a factor multiplying the nominal flow areas by a so-called con- 
traction factor. Either, since the factors must be determined from analysis 
of test results, will yield rejisonable results afterwards. The contraction factor 
is probably sounder physically. 



Fig 4. Estimated compressor sta^e efficuncus, assuming annulus and secondary losses to be 
150% of the minimum ^ofile drag 


Performance Integration 

We are now in a position to combine Inequations (9) to (15) with the data of 
Figs. 3 and 4 and the corresponding data for the turbine blades to produce a 
complete performance analysis. 

The combination of Equation (11), with Fig. 3, yields a relation between 
c0, tan etti and cMni which is shown on iMg. 5. There is a corresponding rela- 
tion between tan and iMtiu but in this case we do not show on Fig. 6 
any variation due to as in turbines of this kind, the turbine Mach 

numbers are always a long way from the critical values. From Figs. 5 and 6 
we can solve Equation (9). For typical values of A and r, and M = 1.0 this 
is plotted on Fig. 7 as a curve of c<l> against p. 

This is the key to the solution and there is no need to proceed in any detail 
further. 


For any contraflow compressor of specified geometry we can prepare curves 
such as Figs. 7 and 8 for each rotor. Then our four independent variables are 




a function of c0 dnd c^fni. Fig. 6. Turbine leaving 






Fig. 7. Relation between p and c^ni at equiltbrium Fig. 8. Comparison of predicted and measured variation of com- 

running conditions pression ratio with dame temperature. 
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cAf, cP, Pi and M. The p is most conveniently expressed at the low pressure 
end of the unit. Then since p fixes and cM and cP fix eVa, all the conditions 
at the L.P. rotor are known, in particular all gas velocities and directions. 

The value of gives us the temperature rise in the compressor stage, and 
Fig. 4 yields the stage efficiency, permitting the pressure ratio to be calculated. 
In a simil.ir manner we can work backwards through the turbine stages. Thus 
we can calculate all the conditions on the far side of the L.P. rotor, which are 
then the entry conditions to the next stage, through which we can work in turn, 
and so on, integrating through all the compressor and turbine stages until the 
H.P. end is reached. 

Example 

To show the results obtained b^ the method. Figs. 8 and 9 compare the 
measured and calculated performance, for an experimental turbocompressor 



Fig 9. Comparison of predicted and measured variation of compression temperature rise and 
efficiency with flame temperature. 

that was run at a constant value of ePt and Af = 1.0, while p was varied, 
p was varied by varying the turbine entry temperature, and the results are 
plotted against this variable. It is evident that the compression ratio is in 




MORDELL CONFIRM ROW CON FRA RO PATINO TURBOCOMPRESSORS 


297 


close agreement. The observed temperature rise was greater than that pre- 
dicted, which is the reason why the efficiency is low. The explanation of this 
can be seen by reference to the illustration of Fig 1 . Any leakage between 
stages from turbine to compressor will raise the apparent temperature rise. 
Considering this effect, the agreement is regarded as satisfactory. Fig. 10 



Fir. 10 Comparison of predttUd and measured value of compressor blade incidence 

shows the cal( iilated and observed values of the incidence on the compressor 
blades for all the rotors In this figure two sets of predicted and observed 
results arc shown, as predictions were made of the estimated results following 
a modification in the turbine blades to altei theii angles. Again the agreement 
is fairly satisfactory. It is interesting to note the peculiarities of the observed 
results at rotors Nos. 10 to 14. It will be remembered that the theory used 
neglects any effect of stator angle. In other words it assumes that the stator 
angle can be always adjusted to suit ojxirating conditions. In fact, of course, 
a compromise is necessary , and the lower curves show the effect of the error 
inti 0(1 uced. 

Application to Other Types of Unit 

The methcxl described applies particularly to a certain type of turbcx'om- 
pressor unit. With suitable mcxlifications it is applicable to any type of 
compound engine, having one or more compressor stages each of which is 
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independently driven by its own turbine stage. In such cases, it often happens, 
if there are relatively few stages, that the turbine stages may be operating 
under “choked” conditions which makes calculation easier, by controlling the 
mass flow tM, 
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NOTES 

Removal of Traces of Oxygen from Gases 

For anaerobic studies in the Warburg apparatus, and for other purposes, it 
is often necessary to remove oxygen from commercial nitrogen or nitrogen — 
carbon dioxide gas mixtures. The method most commonly used consists in 
passing the gas over heated copper fragments in a combustion tube. The 
apparatus shown in the accompanying diagram and described below, has been 
found very convenient for this purpose. It is easily constructed, clean, rela- 
tively cool, easy to use, and occupies little laboratory space. Such apparatus 
has been used for several years in three laboratories. 


AsursTos Taper 
\ sBisTos Pllp 
A sBtSlOS (.<»K0 

Asbjskis Tapir 
Wire 

AbBLSIOS P\PLK 


Fio. 1. 

A tube of Pyrex No. 172 glass about 70 cm. long, IG mm. inside, 20 mm. 
outside diameter, is drawn down at one end to a tip suitable for connection to 
rubber tubing. The tube is well packed with copper oxide wire fragments, 
which are held in place by rolls of copper gauze. The greater part of the length 
of the tube is wrapped with two layers of thin asbestos paper and then wound 
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evenly, 3 to 3.5 turns per cm., with nearly 40 ft. of Nichrome wire, 2 ohms per 
ft. Two more la>ers of asbestos paper are wrapped on, and over this a layer 
of asbestos cord is wound closely. An asbestos paste is prepared by crumbling 
ordinary steam pipe lagging with water. This paste is smeared and moulded 
onto the tube over the asbestos cord to a thickness of about 15 mm. After 
this has dried it is protected by a further layer of asbestos paper tied on with 
wire. 

It is useful to make one or two windows in the windings so that the condition 
of the copper in the tube may be seen. To make these, one or two turns of the 
Nichrome wire and asbestos cord are spaced widely, and the layers of asbestos 
paper are cut away with a razor blade, dkeept under the wire, before applying 
the asbestos paste to the remainder of the tube. The apparatus as described 
is used with 110 v. d-c. power source but 110 v. a.c. should be equally satis- 
factory. No external resistance is used except initially when it is advisable 
to i)ut a lamp in series until the asbestos lagging has thoroughly dried. By 
means of a high temperature thermometer embedded in the copper fragments 
it was found that the temperature reached about 450®C. within 20 min. of 
turning on the current, and the maximum temperature was about 050® to 
700®C. 

To reduce the copper, hydrogen mixed with a carrier stream of nitrogen or 
other inert gas is passed through the hot tube. The lube takes an hour or 
more to cool after the power is disconnected and it is advisable to maintain a 
slight flow of inert gas through the tube until it is cool, 

Rfceived March 20 , 1944 K. A. C. Elliott 

Department of Neurology and Neurosurgery, 

McGill University, and i he 
Montreal Neurological Insfitutf, 

Montreal, Que. 
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THE IODINE CONTENT OF FRUITS AND VEGETABLES' 

By Roberta B. Campbell^ and E. Gordon Young 


Abstract 

The content of iodine in fruits and vegetables from the eastern Maritime 
Provinces has been determined by a modihed Pfeiffer procedure. The sensi- 
tivity of the method was found to be about 1 with an accuracy of approxi- 

mately ± 5%. The results obtained were near the mean values previously 
reported. The iodine content of potatoes varied from about 50 to 400 p.p b. 
with a mean value of 153 p.p b.; that of turnips from 50 to fK), several samples 
of cabbage, peas and pumpkin showed no trace of iodine present. Most speci- 
mens of fruit had no iodine, or only a trace, with the exception of plums which 
contained 113 p.p.b. No correlation of iodine content with variety or site of origin 
was evident. 


Although numerous anah ses of foods have been made for their content of 
iodine, very few have been carried out on fotxls of Canadian origin. This 
paper records anah ses of iodine in the commoner fruits and vegetables from 
various districts of Nova Scotia and Prince Edward Island. These include 
several varieties of potatoes, turnips, carrots, parsnips, beets, squash, pumpkin, 
cabbage, cauliflower, corn, peas, beans, cucumber and tomatoes; apples, plums 
and pears. 

Experimental 

Material 

Seventy-eight samples of apples and pears from the Annapolis Valley, N.S., 
16 samples of potatoes from various parts of Nova Scotia and Prince Edward 
Island, 25 samples of various fruits and vegetables from different districts of 
Prince Edward Island, and 19 samples of still other fruits and vegetables from 
Nova Scotia, have been collected. Not all were anah zed, because of the 
insignificant amounts of iodine found to be present. 

These samples were washed, sliced, and then dried for a period of 24 hr. 
at 40® C. They were stored in glass jars. Prior to analysis they were dried 
at 100° C. to constant weight and ground in a Wiley mill to pass a screen of 
No. 20 mesh. All samples of potatoes were prepared with skin. Turnips, 
squash, and pumpkin were peeled but other vegetables were analyzed as a 
whole. Plums were stoned but apples and pears were sliced and dried in 
their entirety. 

1 Manuscript received in oriffinal from December 5 , 1948y andy as revisedy May 1949, 
Contribution from The Department of Biochemistry y Dalhousie University y Halifax^ N,S. 

’ Research Assistant. 
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Method of Analysis 

Many methods, differing in sensitivity depending on the amount of iodine 
present, have been developed for the estimation of iodine in biological material. 
Such methods require preliminary oxidation of organic matter, and no pro- 
cedure has been generally accepted for this operation. Both dry and wet 
combustions have been used. Fusion with potassium hydroxide is very 
difficult with powders high in carbohydrate because of frothing and carbon- 
ization. 

An attempt was made initially to follow the method of Kahane and Tomesco 
(3), who made use of a mixture of perchloric, nitric, and sulphuric acids for 
the digestion. The oxidation was not readily controlled and a violent explosion 
of unknown cause necessitated a modification of the procedure (6). 

Oxidation, omitting the perchloric acid, was next attempted with a mixture 
of 3 ml. of concentrated nitric acid and 47 ml. of concentrated sulphuric acid 
to 1 gm. of dried sample. While this method gave correct results with recrys- 
tallized iodoform (99.2% recovery of iodine), with desiccated potato it required 
prolonged, careful heating. An attempt was made to carry out the digestion 
in an open vessel, as used by Chancy (1), but agreement in duplicate deter- 
minations was not satisfactory. 

Digestion with concentrated sulphuric acid and 30% hydrogen peroxide by 
the method of Pfeiffer (4) was then tried. This procedure proved satisfactory 
as the initial stage. The estimation was completed by the method of Trevorrow 
and Fashena (5) and that suggested by Harvey (2), with certain modifications 
as described below. Replicate analyses were obtained at levels of iodine 
content of 100 p.p.b. or higher, with a precision of db2%. This decreased 
to about =fc5% at lower levels of concentration. Recovery of known amounts 
of potassium iodide added to samples of potato was achieved with an accuracy 
of about 5%. 

Reagents 

Water and ethanol (95%) were distilled after the addition of a small amount 
of potassium carbonate in an all-glass still. 

Potassium carbonate was made into a paste with distilled water and extracted 
with redistilled ethanol (95%). The residue was dried and made into a 
saturated solution in redistilled water. 

Other reagents were found to be free of iodine. 

Sulphuric acid, 20% v/v, 50% and concentrated, analytical grade. 

Hydrogen peroxide, 30% analytical grade. 

Bromine water, analytical grade in redistilled water. 

Sodium thiosulphate, O.l N diluted each day to 0.001 N. 

Potassium iodide, solid, analytical grade free of iodate. 

Starch, 1%. 
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Principle 

Organic matter is oxidized in the presence of concentrated sulphuric acid 
and relatively large amounts of hydrogen peroxide. In this procedure any 
iodine present is liberated as such. This is driven off by a combination of 
air and steam, to be trapped as potassium icKlide and hy|)oiodite. The latter 
substances arc oxidized to iodate by hot aqueous bromine and titrated as 
iodine, in the presence of acid and excess of potassium iodide, with standard 
thiosulphate. 



Fig 1. Apparatus for oxidation of organic material and absorption of iodine liberated. 
Procedure 

The apparatus was assembled for the most part of standard taper Pyrex 
glass parts as shoA\n in Fig. 1. It consisted of a three-necked digestion flask 
(i4) of 2 liters capacity. A reflux condenser, operated without water, was 
connected with the central neck and a glass stopper, standard taper 21/40, 
was inserted at the top of the condenser as shown. The gas-absorption tubes 
(C) were of 100 ml. capacity (obtained from the Scientific Glass Apparatus 
Co., Bloomfield, N.J., as parts of the distilling apparatus listed as J-1350). 
To each were added 10 ml. of a saturated solution of potassium carbonate 
and 40 ml. of redistilled water. A specially blown inlet tube {B) served for 
control of both liquid and air through a three-way stopcock. i3 is a gas- 
absorption bottle of 125 ml. capacity containing 50 ml. of aqueous sodium 
hydroxide (10%). 

Twenty grams of driecl sample was introduced into the digestion flask 
together with 200 ml. of 50% sulphuric acid. They were thoroughly mixed 
and the apparatus was connected as shown. Concentrated sulphuric acid 
(250 ml.) was added through inlet B. Compressed air was then slowly passed 
through the apparatus at a rate to ensure adequate mixing of the contents. 
Heat was applied at this point to the digestion flask, the amount of heat 
depending on the spontaniety of the reaction. Some samples did not require 
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any external application of heat until a large portion of the hydrogen peroxide 
had been added. This served to avoid excess foaming. Only a small flame 
from a Bunsen burner was used in the early stages of oxidation. Hydrogen 
peroxide (30%) was added slowly through B in small portions to an amount 
of about 75 ml., the actual amount being governed by the rate of the oxidation. 
When the rate of reaction was decreasing, heat was applied to the flask, and 
the remainder of the hydrogen peroxide, usually about 25 ml., was added 
slowly while the mixture was fuming. When the sample was oxidized com- 
pletely, as indicated by loss of color in the digestion mixture, the absorption 
bulbs were disconnected, 'fhe contents were washed into an evaporating 
dish and taken to dryness on a water bath. The residue was extracted with 
ethanol and the extract evaporated to dryness. The residue was dissolved 
in water, 3 to 4 ml. of fre.shly pre|)ared bromine water added, and the whole 
acidified with sulphuric acid (20%). This mixture was boiled until free from 
bromine and then cooled. It was titrated with 0.001 N sodium thiosulphate 
in a I ml. microburette, graduated in hundredths, after the addition of a few 
crystals of potassium iodide and I to 2 drops of starch (1%) as indicator. 
With the precautions outlined, a blank determination gave no color on the 
addition of the starch. The reaction is basetl on the equation 

HIO^ + 5HI -^01 -f 3 H 2 O 

1 ml. NaaSaOa O.OOl N - 21.2 /xRni. iodine (1/0 of 127). 

The method has been found unsatisfactory by Trevorrow and I^ashena (5) 
with fatt> material. This difficulty has not entered into the f)resent investi- 
gation because of the relatively insignificant amounts of lipid present. 

Results 

The anal) tical values obtained are recorded in Tables I and II. When the 
presence of iodine was detectable but so small as not to be measunible accur- 
atel>, it has been recorded as a trace. On the basis of our technique this 
means less than 50 i).p.b. or 1 Atgm. in 20 gm. of dried material. Results have 
been expressed in parts per billion on the basis of dry weight ^ per kgm. 
The presence of 50 p.p.b. or less in a food is indicative of a relatively poor 
source of iodine from a nutritional point of view. 

Table I records the analyses on 16 samples of potatoes in four known varie- 
ties. The average content of i(xline was 153 p.p.b., assuming a trace to 
represent approximately 25 p.p.b. No single variety was consistently higher 
than others and no locality was notably better in this respect, with the possible 
exception of Princ'e Edward Island. The average figure for iodine in potatoes 
as given in the literature is about 177 p.p.b., but excluding one very exceptional 
value of 1,045 it becomes 134. 
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TABLE I 

Analysps of potatoes 


Source 

Variety 

Iodine content, 
p.pb. 

Chariot letown, P.E.I. 

Unknown 

153 

II 

Irish Cobbler 

363 

II 

II 

369 

Truro, N.S. 

Unknown 

< 50 

Hall’s Harbour, N.S 

Irish Cobbler 

< 50 

II 

Katahdin 

114 

Kentville, N.S. 

Irish Cobbler 

< 50 

<< 

(ireen Mountain 

401 

II 

Katahdin 

113 

II 

SebaRO 

105 

Scott’s Bay, N.S. 

Irish Cobbler 

< 50 

II 

Cireen Mountain 

66 

II 

Katahdin 

114 

II 


109 

II 

.Sebago 

77 

Halifax. N.S. 

Unknown 

331 

Average 153 


TABLE II 


AnaIYSFS Of* VKOl TABLES 


Vegetable 

S(jurce 

X’ariety 

Iodine content, 
p p.i). 

Beans 

Charlottetown, P.E.I. 

Unknown 

< 50 


Alliston, P E.I. i 

Webber Wax 

— 

Beets 

Alliston, P E I. 

Detroit Dark Red 

100 


Kensington, P.E 1. 

1 nknown 

— 


Charlottetown, P.E.I. 

II 

< 50 

Cabbage 

IVuro, N S. 

II 




Kentville, N.S. 

II 

— 


Charlottetown, P.E.I. 

Golden Acre 

— 

("arrots 

Alliston, PEI. 

Hutchinson 

50 


Charlottetown, P.E.I. 

Chatenay 

— 


Avonport, N.S. 

Unknown 

— 


Truro, N.S. 

II 

< 50 


Kentville, N.S. 

If 

< 50 

Cauliflower 

Charlottetown, P.E.I. 

Snowball 

— 

Corn 

II 

Golden Bantam 

< 50 

Cucumber 

II 

Snowball 

< 50 

Parsnips 

Kentville, N.S 

II 

1 Unknown 

41 

< 50 

Peas 

Charlottetown, P.E.I. 

II 



Kensington, P.E.I. 

If 

— 


Alliston, P.E.I. 

If 

— 

Pumpkin 

Charlottetown, P.E.I. 

Small Sugar 

— 

Squash 

14 

Golden Hubbard 

< 50 

Turnips 

Kentville, N.S. 

Unknown 

< 50 


Avonport, N.S. 

II 

91 


Truro, N.S. 

41 

50 


Charlottetown, P.E.I. 

Laurentian 

81 
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Table II records all analyses carried out on vegetables other than potatoes. 
Turnips showed a measurable amount of iodine and most samples exhibited 
a trace. No iodine was detected in cabbage, cauliflower, peas, or pumpkin. 
With the exception of potatoes and turnips, vegetables in the eastern Maritime 
provinces arc not notable for their content of iodine. Other investigators 
have found appreciable amounts in cabbage, carrots, and squash in North 
America. 

Eleven samples of apples from 10 localities in Nova Scotia have been 
analyzed. The varieties included Baldwin, Blenheim, Cox Orange, Golden 
Russet, Gravenstcin, Kings, McIntosh Red, Red Stark, Ribson, Wagoner, and 
Wealthy. Of these the Gravenstcin and Red varieties contained a trace of 
iodine while the rest were negative. One variety of pears and one of tomatoes 
contained no iodine, but plums, as the Bradshaw variety, exhibited a value 
of 113 p.p m. These results arc in conformity with those of other investi- 
gators, with the exception of the results for tomatoes, which have been found 
to vary markedly in their iodine content. 

Discussion 

It is apparent from the tables that fruits and vegetables from Nova Scotia 
and Prince Edward Island contain amounts of iodine comparable with median 
values as reported for other parts of the world. It is interesting to note that 
all samples that we have analyzed were harvested at a distance of less than 
50 miles from the Atlantic ocean. This would suggest, a priori, a content of 
iodine above the general average, but this was not found to be true. 
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THE OXIDATION, IGNITION, AND DETONATION 
OF FUEL VAPORS AND GASES 


IX. THE CAUSE OF THE REVERSAL OF THE ANTIKNOCK PROPERTY 
OF RICH HYDROCARBON-AIR MIXTURES' 


R. O. KING^ W. A. Waf.lace®, and E. J. Durand^ 


Abstract 

The experiments described show that conditions can be set in which a reversal 
of the antiknock effect of enriching a hydrocarbon-air mixture can be obtained 
in an unsupercharged engine. The reversal is of importance in respect of super- 
ch.irged aero engines in which it may occur before mixture strength is increased to 
the value required for the development of maximum power. The experimental 
results, considered in the light of the nuclear theory ot detonation, indicate that 
the “reversal” occurs when the rate of formation of finely divided carbon by 
pyrolysis of the fuel provides a proknock effect greater than can be offset by the 
antiknock effect of the products of the high temperature heterogeneous oxidation 
reaction. 


Introduction 

The IiKTcasc in usal)le compression ratio obtained on increasing mixture 
strength is due, aside from the cooling effect, to the corresponding increase 
in rate of surface oxidation of the fuel to antiknock products. Part VIII (3). 
Dilution of the end gas by the products lowers inflammability and offsets the 
tendency to nuclear ignition arising from impregnation of the end gas by 
finely divided carbon derived from pyrolvsis of the hydrcxrarbon fuel. Part 
IV (2). 

The increase of end gas temperature as compression ratio is raised and an 
increase in the concentration of hydrocarbon fuel in the mixture with air lead 
to an increase in rate of pyrolysis. It would be expected, therefore, that 
when using fuels prone to pyrolysis in high temperature conditions of engine 
operation the increa.scd tendency to nuclear ignition might cease to be offset 
by the decrease in inflammability of the end gas arising from dilution with the 
products of high temperature surface oxidation. A reversal of the antiknock 
property of rich mixtures would then occur. 

The object of the experiments described in this Part was to obtain the 
“reversar* in the conditions in which it would be expected to occur according 
to the theories mentioned. 
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Experimental Arrangements and Selection 
of Hydrocarbon Fuel 

The C.F.R. knock testing engine, unsupercharged, was used for the experi- 
ments in the manner described fully in Part VIII (3). The sole change was 
the provision of larger diameter fuel flow control orifices as required for 
increasing mixture strength beyond the degree used for the standard method 
of knoc'k rating. 

The high temperature operating conditions expected to be required were 
provided by the standard A.S.T.M. - C.F.R. motor method of knock rating, 
that is, the fuel-air mixture was heated to 300® F. and the jacket coolant 
maintained at 212® F. 

Preliminary experiment demonstrated that a reversal of the antiknock 
property of rich mixtures of normal heptane, hexane, or pentane with air 
could not be obtainecl even in the relatively high temperature operating 
conditions. An indication of the elTect was obtained, however, when the 
compression ratio at which heptane could be used was increased, on the 
addition of tetraeth> 1 lead. 

Fuel S was then used for further experiments. It is a commercial gasoline 
of relatively high octane number as compared with »-pentane. The distilla- 
tion graph, given by Fig. 1, Part VIII (3), shows an end point of 429® F. and 
that the fuel contains approximately 30% of constituents boiling above 300® F. 
The “heavy ends“, probably long chain paraffins, would be especially prone 
to yield carbon on decomposition at the high temperatures of the end gas. 

One set of experiments was made with fuel 5i, generally similar to fuel S 
but of lower initial octane number raised to exceed that of fuel S by being 
leaded. Unleaded fuel Si could not be obtained. 

Experimental Results 

The experimental results are given by the graphs of Fig. 1, compression 
ratio for standard knock intensity, described as “usable compression ratio”, 
being plotted against rate of fuel consumption, which represents mixture 
strength, engine speed being constant at 900 r.p.m. The minimum value of 
usable compression ratio for the undoped fuel S was obtained when rate of 
fuel consumption was 1.85 lb. per hr. and it may be assumed that the mixture 
strength was then approximately correct. Maximum power, determined by 
later experiments, was obtained when rate of fuel consumption was 2.4 lb. 
per hr. The mixture was then nearly 30% “rich”. 

The reversal of the antiknock property of rich mixtures of fuel 5 undoped. 
Graph (1), was obtained when the usable compression ratio attained the high 
value of 8.2, rate of fuel consumption being then 3.7 lb. per hr. and the mixture 
100% rich. On adding tetraethyl lead to fuel S in the concentration of 0.25 
cc. per liter the “reversal” occurred at the higher usable compression ratio 
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of 9.3 but at the lower rate of fuel consumption of 3.4 lb. per hr., the mixture 
then being 84% rich. A similar “reversar* was obtained at a relatively low 
rate of fuel consumption when using fuel Su Graph (2). Comparable results 
for this fuel undoped are not given because a sample was unobtainable, as 
already mentioned. 



Fio 1. Graphs showing the reversal of the antiknock effect of rich mixtures. 


When tetraethyl lead was added to fuel S in the larger concentrations of 0.5 
and 0.9 cc. per liter, usable compression ratio, (iraphs 4 and 5, exceeded the 
10:1 measurement limit before a “reversal” occurred. 

The short horizontal linc^ on the graphs indicate the beginning of preignition 
which, however, never became sufficiently continuous to enable the engine 
to run with the spark ignition switched off. 

Reversals of the antiknock property of rich mixtures were obtained when 
fuel 5 contained iron or nickel carbonyl. The experimental results were so 
nearly like those, shown graphically by Fig. 1, for fuel S leaded that they 
need not be described. 
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Discussion 

The rate of formation of antiknock products by high temperature hetero- 
geneous oxidation reactions in an engine is limited by the available area of 
active surface. On the other hand the rate of formation of proknock finely 
divided carbon by pyrolysis of the hydrocarbon fuel increases with the quantity 
inducted per stroke. The experiments described show that on increasing the 
quantity by using sufficiently rich mixtures a reversal of the antiknock effect 
of such mixtures was obtained in an unsupercharged engine, for the first time 
on record so far as known. 

The reversal would be expected, according to the theory advanced, to occur 
in high duty supercharged engines when using leaner mixtures because the 
quantity of fuel inducted per stroke depends on supercharge pressure as well 
as on mixture strength. Thus if the combustible mixture be supplied at a 
pressure of say two atmospheres, the tendency to the formation of proknock 
carbon is doubled, other things being equal, while the rate of the hetero- 
geneous reaction producing antiknock compounds remains unchanged. The 
consequence is that in superc'harged aero engines, which are commonly operated 
in high temperature conditions, a reversed of the antiknock effect of enriching 
the mixture may occur even before the attainment of the mixture strength 
required for maximum [)ower. 

The factors leading to the reversal seem to have first received attention in 
Germany, and developments have accordingly been described rec'ently 
by Petty, Wright, and Garner (5, G). Recent N.A.C.A. experimental work 
dealing with the subject has been described by Genco and Drell (1) and by 
Lord, Heinicke, and Strieker (1). The cause of the reversal effect is not 
discussed in the references mentioned. 
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CANADIAN ERUCIC ACID OILS 

IV. EDIBLE PROPERTIES OF FANWEED (PENNYCRESS) OIL 
AND SHORTENING* 

By If. J. Lips^ AND N. H. Grack^ 


Abstract 

Salad oils and shortenings prepared from crude fanweed seed oil by standard 
methods were lighter in color and more viscous than corresponding commercial 
pioducts test^, and had slightly lower smoke points Peroxide oxygen values and 
tree fatty acid contents of all the materials were similar. Small-scale consumer 
acceptance tests indicated that the fanweed oils, cither fresh or aged for 10 days at 
100®F , were generally not as palatable as the cominen ial salad oils (corn and 
cottonseed), but that the fanweed shoitenings did not differ appreciably Irom the 
tommercial veget4iblc bhortenings. It is concluded that the small amount of fan- 
weed oil present in mixed oil from weed seed screenings will not lessen the potential 
acceptabilitv of the mixture. 


Introduction 

The possil)ilit> of using Canadian grown rape and mustard seed oils as edible 
fat sources was suggested in earlier publications (2, 3, 5, G). 

Thlaspi arvense (fanweed, penn> cress, French weed, or stinkweed), a member 
of the Crucitcrae (to which nipe and members of the mustard family also 
belong), grows abundantly on the Canadian prairies, and 13 Vo of the weed seed 
screenings removed from grain c rops consists of fanweed seed (4). The oil from 
such s( reenings is presently being extracted at Fort William, and uses are 
being sought for it. 

Fanweed seeds contain 33 to 35Vo oil by weight. The oil is said to be similar 
in properties to rapeseed oil, and in Russia some consideration has been 
given to its use as an edible product (1). Consumer reaction to salad oil and 
shortening prepared from fanweed oil by standard methods therefore appeared 
to warrant attention. 

Materials and Methods 

The fanweed seed (300 lb.) used in this investigation was supplied by the 
Field Crops Commissioner of the Province of Saskatchewan. It was accum- 

* Manuscript received May 2, 1049, 
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ulated from screenings, and contained a small amount of broken flax, and other 
seeds such as rape, mustard, and lamb’s-quarters (total impurities were less 
than 6%). 

The seed was ground in a Hobart mill and the oil extracted in a large all-glass 
Soxhlet apparatus with petroleum ether (b.p. 85® to 140°F.). Part of the 
solvent was boiled off, and the rest removed under reduced pressure. The oil 
obtained was alkali refined, bleached, and deodorized to prcxluce a salad oil; 
or refined, bleached, hydrogenated to shortening consistency, and then deodor- 
ized, as previously described (5, 6). Each test product was a composite of 
two or three independent preparations. Commercial salad oils (corn and cotton- 
seed) and vegetable shortenings of good quality were used as reference materials 
in all tests, and comparisons were made both with fresh oils and shortenings 
and with oils and shortenings aged for 10 days at 100®F. 

Color, fluorescence, kinematic viscosity, peroxide oxygen, free fatty acid, 
smoke point, melting point, and icxline value were determined for these mate- 
rials (5, (i). Oils and shortenings were used in the preparation of mayonnaise, 
pastry, and doughnuts, as in earlier tests (5, (>), except that the amount of oil 
in the mayonnaise was reduced from about 80% to about 05%. Palatability 
attributes were scored by a panel of 24 individuals recruited from technical and 
administrative personnel, on a scale of 11 gradations of appraisal ( — 5 through 
zero to +5) ranging from “gross deficiency^ through “preferred” to “gross 
excess”. 


Results 

Characteristics of Oils and Shortenings 

The experimental and commercial materials tested were generally similar in 
melting point and iodine value (Table I). Table II shows chemical and phy- 
sical characteristics of representative products at various stages of use. The 
relative light transmissions of the fresh fanweed products were higher than 


TABLE I 


Melt INC. point and iodine value of test samples 


Material 

Melting point, 
®C. 

Iodine value 

Corn oil 


122 7 

Cottonseed oil 


114.1 

Fanweed oil 



Commercial shortening No. 1 

38 0 

57.4 

Commercial shortening No. 2 

42 8 

66.7 

Fanweed shortening No. 1 

44 0 

64.8 

Fanweed shortening No. 2 

42.7 

71.0 
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TABLE II 

Chemical and physical characteristics of oils and 

SHORTENINGS AT VARIOUS STAGl S OF USE 


Characteristic 

lest material 

Condition of test material 

Fresh* 

Aged 

Fresh, 

fried 

Aged, 

fried 

Light transmission, per cent 

Corn oil 

20 


26 

27 

at 440 m/x relative to mineral 

Cottonseed oil 

54 



40 

oil (Stanolax) 

Fanweed oil 

65 


48 

46 


Commercial shortening 

67 

66 

50 

56 


Fanweed shortening 

74 

73 

37 

38 

Fluorescence, Coleman photo- 

Corn oil 

51 

53 

47 

48 

fluorometer units, 1 gm of oil 

Cottonseed oil 

18 

18 


22 

in 100 ml \ylol, corret ted for 

Fanweed oil 

17 

17 

21 

19 

fluorescence of xylol 

Commercial shortening 

18 

18 

22 

22 


Fanweed shoitcning 

14 

14 

27 

27 

Visrosit), centistokes at 

Corn oil 

17 0 

17 3 

17 4 

17 7 

130“^ 

Cottonseed oil 

17 0 

17 0 


18 8 


Fanweed oil 

20 7 

20 3 

21 1 

21 0 


Commercial shortening 

23 ■) 

23 7 

23 6 

23 8 


Fanweed shortening 

26 6 

26 6 

26 8 

2b » 

Pei oxide oxygen value, ml of 

Corn oil 

n 

1 0 



0 002 \ thiosulphate per gm 

Cottonseed oil 


13 7 




Fanuted oil 

0 0 

5 4 




Commercial shortening 

0 0 

0 0 




Fanweed shortening 

0 0 

0 0 



Smoke point, °F 

Corn oil 

410 

406 

408 

398 


Cottonseed oil 

442 

446 


440 


Fanweed oil 

306 

383 

300 

386 


Commercial shortening 

no 

117 

413 

405 


Fanweed shortening 

388 

390 

375 

390 


*7 he commerctal salad oils {corn and cottonseed) and the commercial shortenings sure used as 
purchased and received no further processing 


those ot the commercial ones at 440 mti; but all values were about 97% at 660 
m/x, so these are not presented. Light transmission of all products at 440mM was 
not changed by aging, but 'decreased with use for deep fat fr> ing of doughnuts. 
Fluorescence in ultraviolet light (375 m/x) generally increased with frying, 
except for corn oil, which showed a decrease. The fanweed oil and shortening 
were more viscous than the corresponding commercial products, and visco- 
sities remained practically constant throughout the experiment. Peroxide 
oxygen content was zero in the shortenings, increased in the oils on aging, and 
increased in both the oils and shortenings on frying. Free fatty acid contents, 
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as per cent oleic, did not exceed 0.2%, so are not shown. The fanweed oil and 
shortening had lower smoke points than the commercial products and smoke 
points were generally decreased slightly by both aging and frying. In all these 
measurements the fanweed oil and shortening did not exhibit any important 
differences from the corresponding commercial products. 

Subjective Appraisals 

In two different appraisals of fresh samples, fanweed oil was considered too 
light in color, and corn oil too dark (Table III). Fanweed oil was rated as 

TABLE III 


AvFRAGE SCORl s RFCORDFD IN SUBJECTIVE APPRAISALS 
OF FRl SH VFGETABLF OILS 


Attribute 

Average score 

Necessary difference (5% level 
of statistical significance) 

Corn oil 

Fanweed oil 

Between any 
two av. 

Of any one av. 
from zero 

Experiment 1 





Color 

+0 6 

~1 6 

0 8 

0 6 

Texture 

+0 1 

0 0 

0 6 

0 4 

Odor 

0 0 

0 0 

0 5 

0 4 

Flavor 

+0 7 

+0 3 

1 0 

0 7 

Experiment 2 





Color 

+1 1 

-1 3 

0 5 

0 4 

Texture 

0 0 

-0 5 

0 4 

0 5 

Odor 

+1 3 

-0 1 

0 6 

0.5 

Flavor 

+1 5 

+1 0 

0 7 

0 6 


slightly lacking in texture in one experiment, although its viscosity was higher 
than that of corn oil. C orn oil odor was considered too strong in one appraisal. 
Both fanweed and corn oils were assessed as having a slight excess flavor, but 
did not differ significantly in this respect. Pastry and doughnuts prepared 
with fresh oils and shortenings were given generally satisfactory odor scores in 
two separate experiments (Table IV). Flavor scores were mostly good when 
the commercial products or fresh fanweed shortening were used, but were rela- 
tively poor with fresh fanweed oil. 

Aged, independently processed fanweed oils were rated approximately equal 
in color, texture, and odor to each other and to aged cottonseed oil, but differed 
•in flavor from each other and from the two aged commercial oils (Table V). 
The attributes of the corn oil were all appraised as ^'excessive” in varying 
degrees. 
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TABLE IV 


Average scores recorded in subjective appraisals of pastry and doughnuts made 
WITH fresh vegetable OILS AND SHORTENINGS 


Attribute 

Average score 

Necessary difference 
(5% level of statistical 
significance) 

Corn 

oil 

Fanweed 

oil 

Commercial 

shortening 

Fanweed 

shortening 

Between 

any 

two av. 

Of any one 
av. from 

zero 

Experiment 1 






■n 

Pastry odor 

+0.3 

+0.4 

+0.5 

+0.2 

0.4 


Pastry flavor 

+0.4 

+1.0 

+0.4 

+0.3 

0.5 

BH 

Doughnut odor 

0.0 

+0.3 

+0.1 

0.0 

0.2 


Doughnut flavor 

0.0 

+0.6 

+0. 1 

+0.1 

0.3 

■a 

Experiment 2 







Pastry odor 

+0.1 

+0.4 

-0.2 

-0.6 

0.4 

BB 

Pastry flavor 

+0.5 

+2.0 

-0.1 

-0.8 

0.6 

BB 

Doughnut odor 

+0.3 

+0.2 

-0.2 

+0.4 

0.4 


Doughnut flavor 

+1.0 

+1.2 

-0.3 

+0.7 

0.6 

0.6 


TABLE V 

Avera(;e scores recorded in subjecitve 
appraisals of AG1-:D vegetable OILS 


Attribute 

Average score 

Necessary difference (5% 
level of statistical ‘ 
significance) 

Corn 

Cottonseed 

Fanweed 
xNo. 1 

Fanw^eed 
No. 2 

Between 
any two av. 

Of any one 
av. from zero 

Color 

+0.9 

-0.2 

mm 

t 

-0.4 

— 

mM 

Texture 

+0.3 

-0.1 

BB 




Odor 

+1.1 

-0.3 




0.4 

Flavor 

+ 1.6 

-0.1 


+0.7 

0.5 

0 5 


Mayonnaises incorporating the aged fanweed and cottonseed oils were scored 
as similar in color, texture, and odor (Table VI). Corn oil mayonnaise was 
rated as slightly in excess in all the attributes under examination. Mayonnaise 
made with aged fanweed oil had the least satisfactory flavor. 

Pastry and doughnuts made with aged fanweed oils were less palatable than 
those made with the aged commercial oils (Table VII), although excess odor 
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TABLE VI 


Average scores recorded in subjective appraisals of 

MAYONNAISE INCORPORATING AGtD VEGETABLE OILS 


Attribute 

Average score 

Necessary difference (5% 
level of statistical 
significance) 

Corn 

Cottonseed 

Fan weed 
No 1 

Fanweed 
No 2 

Between 
any two av 

Of any one 
dv from zero 

Color 

■B 

+0 1 

+0 1 

■n 

■a 

0 3 

Texture 


0 0 

-0 1 




Odor 

■HI 


0 0 

Kl 

■IB 


Flavor 

+0 6 

0 0 

+0 8 

+1 0 

0 5 

0 5 


TABLE \ II 


\VtR\GI SCORES RECORDID IN SUBJECTIVE APPR\ISAIS OE 
PASTRY \ND DOUGHNlTh M\D1 WITH A(.I D VEGETABLl Oil S 


Attribute 


Average score 


Ne^essdr> dihtrenct (5% 
level of statislual 
signilicancc) 


Corn 

Cottonseed 

Fanwct<I 
No 1 

Fdn>\eed 
No 2 

BtlNMen 
any t\\Oci\ 

Of anv one 
av from zero 

Pdstry odor 

+0 2 

0 0 

4-0 4 

+0 7 

0 4 

0 4 

Pastrj flavor 

0 0 

-0 4 

4-1 5 

4-1 7 

1 0 

0 b 

Doughnut odor 

+0 3 

-f 0 3 





Doughnut flavor 

+0 3 

0 0 

4-1 6 

4-1 0 

0 5 

0 5 


TXBLL Mil 

Average scores ri corded in siBjEcnvr apprmsais or pastry 

AND DOIGIINUTS M\D1 W IT H AGI D \ I GI TABLl SHORTENINGS 


Attribute 

Average score 

Necessary dilTerence (5% 
level of statistical 
signitieanee) 

Commercial 
No 1 




Bct>\een 
any two av 

Of any one 
av from zero 

Pastry odor 

+0 1 

-0 2 

-0 1 

4-0 2 

0 4 

0 3 

Pastry flavor 

-0 3 

-0 1 

-0 4 

-0 2 

0 i 


Doughnut odor 

0 0 

0 0 

0 0 

4-0 2 

0 3 

0 3 

Doughnut flavor 

0 0 

-0 1 

0 0 

4-0 2 

0 4 

0 3 
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and flavor were found only in slight or moderate amounts. Aged fanweed 
shortenings, on the other hand, were as acceptable as the corresponding com- 
mercial shortenings (Table VIII). 

Conclusions 

Fanweed oil and shortening processed by standard methods did not differ 
appreciably from commercial salad oils and vegetable shortenings in most of 
the chemical and physical proj^erties studied, and the few differences fountl are 
not regarded as important. Fanweed oil was generally not as palatable as 
corn or cottonseed oils, perhaps because of some tendency to flavor reversion, 
but appraisals of the palatability of fanweed shortening did not differ signi- 
ficantly from those of commercial hardened products. Hence, it is concluded 
that the small amount of fanweed oil present in mixed oil from weed seed 
screenings will not lessen the potential acceptability of the mixture. 
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STOPCOCK LUBRICANTS* 

By J. R. Karnand^ and I. E. Puddington* 


Abstract 

The addition of appropriate quantities of finely divided solids to hydrocarbon, sili- 
cone, and glycerol base lubricants has been found to increase their life in stopcocks 
manyfold. The flow properlie*^ of the dispersions show that those solids that 
materially increase the high shear viscosity, without contributing greatly to the 
thixotropy of the system, are the most effective.^ This effect is produced by solids 
that have a polarity similar to that of liquid vehicle and are readily wetted by the 
vehicle. Under these conditions, a linear relation exists betw^n the viscosity of 
the lubricants at a mean rate of shear of 1000 see.-' and their life in the stopcock. 


Introduction 

A major shortcoming of available stopcock lubricants lies in their inability 
to provide permanent lubrication of the moving parts. Periodic lubrication, 
especially in low pressure systems, besides being a nuisance is frequently incon- 
venient and time consuming. While the development of a permanently lubri- 
cated, gas tight stoi)cock would be ideal, formulations that provide increased 
service life are worth while. The present investigation was initiated to deter- 
mine what properties are necessary to ensure long service, and to examine 
means of increasing the life of currently available lubricants, ('ommercial 
preparations vary in consistency from very soft greases to heavy plastic solids, 
and their life in stopcocks is equally variable. Since it seemed probable that 
a relation existed between consistency and servic e life, both the flow properties 
and lubricating value were mecisured for a number of greases, with rather 
interesting results. 

Experimental 

'rhe flow properties of the various lubric'ants were examined by weighing 
the amounts extruded in a given time from a steel capillary of 0.HU8 cm. inside 
diameter and 2.545 cm. long. A range of pressures was supplied by compressed 
nitrogen and suitable reducing valves. The extruder was maintained auto- 
matically at a temperature of 30® it 0.05®C. The apparent viscosity was 
calculated from Poiseuille’s equation and the rate of shear was taken to be 

— , where the symbols have their usual meaning. 
vrH 

The lubricating values of the greases were determined as follows. The female 
29 

part of a — standard taper ground glass joint was clamped vertically in a block 
42 

of wood. A length of wire with a 2 kgm. weight attached was passed through 
the axis and secured to the top of the male part. This provided a uniform 

Manuscript received May 26, 1949. 

^ Contribution from the Division of Chemistry, National Research Laboratories, Ottawa^ 
Canada. Issued as N.R.C. No. 1977. 

* Chemist. 
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pressure on the moving member for subsequent experiments. A side arm 
sealed to the moving part served as a handle. After the joint was lubricated, 
the handle was turned through 90® and back to its original position. The 
number of such cycles that could be made before noticeable seizure of the joint 
or streaking of the lubricant occurred was noted, and the mean of several such 
determinations was recorded as the lubricating value of that lubricant. 

Results and Discussion 

Since nearly all the samples examined were thixotropic in some degree, the 
experimental results were treated to separate the viscous from the thixotropic 
effects. This was done by plotting the apparent viscosity against the reci- 
procal of the rate of shear and proceeding as suggested by Goodeve and 
Whitfield (2). 

Typical results for the greases examined are shown in Fig. 1, where a con- 
siderable range, both in degrees of thixotropy and viscosity for any rate of 
shear, will be observed. 



mOlPROOAl. SHIAR RATI - tlO. X 10* 

Fio 1 Typical data for various lubricants Radial curves in a clockwise direction represent 
respectively, Dow-Corninff lubricant plus 18% silica, hydrocarbon oil plus 25% lithium 
stearate, Cello-grease, Dow- Corning lubricant plus 10% silica, oil plus 15% lithium stearate, 
oil plus 25% carbon, Aptezon L, and Dow-Corning lubricant. Horizontal (urve, glycerol 
plus 25% silica 
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It soon became apparent that the degree of thixotropy of a grease had little 
bearing on its life in a stopcock and that the lubricating value was due almost 
entirely to the high shear viscosity. The mean rate of shear in the joint 
under the conditions used in the experiment was estimated to be about 1000 
sec.”’ and the viscosities under this condition were compared with the lubri- 
cating value. 

In spite of what has been said it is desirable that stoixrock lubricants possess 
a fair degree of thixotropy, since otherwise the lubricant would flow contin- 
uously from the joint under the influence of gravity — or atmospheric pressure 
in the case of a vacuum stojx'ock. Further, this property is, in general, much 
less sensitive to temperature changes than is viscosity, and the thinning out 
that is noted in hot weather with some lubricants can be reduced considerabl> . 

Although the early results indicated that the useful life of a grease in a 
stopt'CK'k was proportional to its high shear viscosity, a few samples were found 
that gave less service than that |>redicted. This was found to be due to gel 
formation, which tended to cause the material to flow through the capillary 
as a plug or agglomerates, and led to a false viscosit\ . Milling these samples 
for some time on an experimental rubber mill, or subjecting them to the high 
shearing action of a colloid mill prior to extrusion, put them in the predicted 
position. 

Stopcock greases were, until recently, usually thickened hydrocarbons. Pure 
h>drocarbons having a natural high viscosity are quite wSatisfactor> at room 
temperatures but, owing to their high temixjrature coeflicient of viscosity, 
become scarcely usable when a tenif^erature range of a few degrees has been ex- 
ceeded. For maximum life and usefulness the thickening agent used should 
be finely divided and contribute onl> slight thixotropic properties, while add- 
ing a large bulk of inert solid to the vehicle. Kru>t and others (3) have 
shown that this effect is obtained when a solid highly welted by the vehicle 
is used. For hydrocarbons an obvious choice is carbon or a very high melting 
hydnx'arbon. Finely divided carbon is available in the form of Shawinigan 
black and the effect of its addition to a pure hydnx'arbon oil having a vis- 
cosity of 3500 S.U.S. at 100®F. is shown in Table I. Since the particles ad- 
here to one another tenaciously in the solid state, the carbon black must be 
added slowly to the oil and the mix well milled during the preparation. Its 
thixotropic contribution is not high and once a heavy paste has been broken 
down it recovers but little. 

As solids of this sort are not affected by temperature, the viscosity-temper- 
ature properties of the liquids are much improved. The vapor pressure of such 
a preparation is, of course, governed by the liquid used. 

Soaps have been used for a long time in the preparation of commercial 
lubricating greases. Of the soaps, lithium stearate is least affected by tem- 
perature changes and its use in conjunction with hydrocarbon oil has been 
suggested for stopcock lubrication (5). Results obtained with two concentra- 
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pressure on the moving member for subsequent experiments. A side arm 
sealed to the moving part served as a handle. After the joint was lubricated, 
the handle was turned through 90® and back to its original position. The 
number of such cycles that could be made before noticeable seizure of the joint 
or streaking of the lubricant occurred was noted, and the mean of several such 
determinations was recorded as the lubricating value of that lubricant. 

Results and Discussion 

Since nearly all the samples examined were thixotropic in some degree, the 
experimental results were treated to separate the viscous from the thixotropic 
effects. This was done by plotting the apparent viscosity against the reci- 
procal of the rate of shear and proceeding as suggested by Goode ve and 
Whitfield (2). 

Typical results for the greases examined are shown in Fig. 1, where a con- 
siderable range, both in degrees of thixotropy and viscosity for any rate of 
shear, will be observed. 



Fig 1 Typical data for various lubricants Radial curves in a clockwise direction represent 
respectively, Dow-Corninff lubricant plus 18% silica, hydrocarbon oil ^us 25% lithium 
stearate, Cello-grease, Dow-Corntng lubricant plus 10% silica, oil plus 16% lithium stearate, 
oil plus 25% carbon, Apiezon L, and Dow-Corning lubricant. Horizontal turve, glycerol 
plus 25% silica 




100 400 700 1000 ISOO 

CYCLCS 

Fig. 2 Variation in service life with high shear viscosity. 


1'hc high concentrations of both pure and lontaminated biliia in glycerine 
had a service hie far less than that piedicted from viscosity data These ^ere 
the onl> exceptions (F ig 2) and no explanation for the behavior can be offered 
at this time I wo examples are also shown in Table I of quite highly thixo- 
tiopic systems-c arbon black in glycerine As expected these were inferior to 
silica 

low vapor pressure silucme compounds have lecently become available as 
stopcoc k lubi 1 C ants In view of then ability to wet silica an attempt was made 
to incorporate silica into them in various concentrations The striking effect 
on the viseositv and life as a lubric ant is shown in the table 

\11 of the experimental results are summarized in I able I and in I ig 2, 
v^hich shows the general hneiiity in the relation between high sheai viscosity 
and lubiicating value I he higher coneentiations of solids used here may 
prcxluc e greases that are too viscous for all exc ejit vei \ sjiec lal uses When 
using those samples havmg extremely high viscosity , the stopcocks of necessity 
are turned slowly 

The results of the w oik demonstrate feasible improvements that can be made 
in available lubricants both in temperature resistance and in useful life in the 
joints and give a possible basis tor futuie developments 
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THE SUSPENDING POWER AND VISCOSITY OF CARRAGEENIN^ 

By R. C. Rose* and W. H. Cook* 


Abstract 

This work indicates that the essential factor in suspending cocoa in milk is to 
increase the viscosity of milk to the point where cocoa does not settle, e.g., 15 cenli* 
stokes at 10®C. in the system studied. For 21 samples of carrageenin the correlation 
CTOfficient between viscosity in milk and suspending power was .98. The high 
viscosity of cold milk containing as little as 0.04% carrageenin appears to he due to 
the formation of a casein-carrageenin gel, which is heat sensitive. With 0.1% 
carrageenin the gel separated into curd and whey when stirred. The correlation 
coefficient between suspending power in milk and viscosity in 0.05 N sodium 
chloride was .91 ; this suggests that the latter could be used to predict the former. 


Introduction 

Carrageenin, the dried, hot water extract of a red seaweed {Chondrus crispus) 
is used commercially as a suspending agent, particularly for suspending fine 
cocoa powder in chocolate milk. Little is known about the mechanism of this 
stabilization and estimates of suspending power are generally based on em- 
pirical tests of the minimum amount of carrageenin required to achieve satis- 
factory susjxjnsion of cocoa in milk. This minimum amount ranges, with the 
different commercial products sold in this country, from 0.04% to 0.08% on 
the weight of milk. Carrageenin solutions are relatively viscous but the con- 
centrations required to stabilize chocolate milk do not increase the viscosity 
of aqueous solutions sufficiently to explain susj)ension by Stokers law. It appears 
that the high suspending power of carrageenin can be explained only by 
postulating a reaction between the carrageenin and one or more of the other 
components of the system. 

Many such reactions are conceivable but the possibility that carrageenin 
enhances the viscosity of milk far more than it increases the viscosity of 
aqueous solutions was examined first. Other studies were undertaken to deter- 
mine the nature of suspension and to correlate suspending power and other 
physical properties of carrageenin. 

Little has been published on physical properties of carrageenin. Salts, 
particularly potassium salts, enhanced the gelling properties of carrageenin 
solutions (5, 9). The viscosities of cold water extracts of Chondrus crispus have 
been studied (I, 4) but other work has shown that cold water extracts differ 
from hot water extracts (5) which are used commercially. The viscosity of 
carrageenin solutions was decreased by salts (10) and this was explained in 
terms of decreased solubility, but a more probable explanation is that carra- 
geenin solutions exhibit clcctroviscous effects and are sensitive to traces of salt. 

1 Manuscript received June 3, 1949. 

Contribution from the Division of Applied Biology, National Research Laboratories, Ottawa. 
Issued as Paper No. 2 of the Associate Committee on Seaweed Research and as N.R.C. No. 1959. 

* Biochemist. 
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Little relation was found between suspending power and the viscosity of 2% 
solutions at 60®C., or the gold number, or certain other properties (7). The 
amount of calcium oxalate held in suspension by carrageenin under specific 
conditions was related to suspending power, but salts affected the results (11). 
Moreover, colloids often prevent crystal growth and as the calcium oxalate 
was precipitated in situ the prevention of sedimentation may have been due 
largely to this effect and not to the suspension of particles of the size of 
powdered cocoa. 

Materials 

Some samples of carrageenin were laboratory prepared by a procedure de- 
scribed elsewhere (7), others were commercial samples supplied by the Kraft 
Foods Company and by the Krim-Ko Company. All samples contained salts; 
salt-free samples were prepared, when needed, by extracting carrageenin with 
60% alcohol (by volume) until free from chlorides, then pressing and air drying. 

Suspending Power a Function of Viscosity 

Methods and Incidental Studies 

Solutions of carrageenin were prepared by disjx^rsing carrageenin in milk at 
70®C., and holding the mixture, with occasional shaking, in a bath at this 
temperature for 20 min. They were then cooled rapidly with gentle swirling 
to 10®C., and stored at 5 to 10®C. for 24 hr. Viscosities were determined in 
A.S.T.M. Standard, Size 100, Fenske Modified Ostwald Viscometers. Ostwald 
viscometers are not ideal for thixotropic solutions (such as those encountered 
in this study) but they have practical advantages. The upper bulbs of the 
Fenske type of viscometei are filled without running the liquid through the 
capillary. 

Tests showed that concentrations of carrageenin similar to those required 
to stabilize choc'olate milk greatly increased the viscosity of milk and that 
slightly higher concentrations resulted in the formation of distinct but weak 
gels. Some difficulty was found in obtaining reproducible viscosities. The 
milk varied from day to day, so the same milk was used throughout any series. 
Running the solution through the visc'ometer reduced the visi'osity, therefore 
the first flow time was recorded ; to repeat a reading the viscometer was emptied 
and refilled with fresh solution. When the solutions containing carrageenin 
were held at 26®C. their viscosities dropped slowly, consequently a standard 
warming up time had to be adopted — five minutes was chosen. At 10®C. this 
warming up problem did not arise and this temperature was used for some of 
the later measurements. The viscosities of several 0.04 to 0.07% solutions 
were approximately twice as high at lOV. as when warmed to 25°C. 

A brief study showed that the viscosity developed rapidly in cold milk; 
immediately after cooling from 70®C. to 10®C., the viscosity of a 0.06% solu- 
tion of Sample 5 (suspending concentration 0.06%) was 80% of its viscosity 
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after 24 hr. refrigeration. This is a high initial viscosity, in view of the fact 
that the solutions are thixotropic and had been swirled during cooling. 

The addition of 2% cocoa and 3% sugar, as used in chocolate milk, increased 
the viscosity of milk and of solutions containing little carrageenin but had no 
effect on the viscosity of milk containing enough carrageenin to suspend the 
cocoa. Thus, for 0.05% and 0.06% solutions of Sample 5 (suspending con- 
centration 0.06%), the viscosity at 25®C. in milk was 6.1 and 8.3 centistokes 
respectively and in chocolate milk it was 6.2 and 8.2 centistokes respectively. 
Consequently, sugar and cocoa were not included in the main series of viscosity 
studies. 

Chocolate milk suspensions were prepared in the same way as carrageenin 
solutions, with 2% cocoa (passing 80 mesh) and 3% sugar in addition to the 
carrageenin and milk. Carrageenin concentrations were chosen at 0.005% 
increments, e.g., 0.040%, 0.045%, etc. The suspensions were mixed by shaking 
in stoppered flasks and the mixtures were strained through an 80 mesh sieve 
prior to refrigerating. Sedimentation was determined visually after storing 
the mixtures for 21 hr. at 5° to 10®C. The minimum concentration required to 
stop sedimentation was taken as the suspending concentration, and the reci- 
procal of this is referred to as the suspending power. Since the determinations 
were visual and were made at definite concentration increments, the values for 
suspending concentration are only approximate. 

KJfects of Carrageenin on the Viscosity of Milk 

Fig. 1 shows viscosity concentration curves for five samples of carrageenin in 
milk. l"or .Sample 1, measurements above 0.04% are not given because above 
this concentration the milk separated into curd and whey and the viscosity of 
a 0.045% solution was less than that of a 0.04% solution. Similarly, for Skimple 
2 the viscosity of a 0.055% solution was less than that of a 0.05% solution. 

These curves are all similar in shape and can be made to coincide by selecting 
a suitable horizontal scale for each one. Thus if the scales for Samples 2, 3, 4, 
and 5 arc divided by the factors 1.12, 1.20, 1.28, and 1.45 respectively the curves 
all coincide with that for Sample 1. These factors represent the relative concen- 
trations needed to reach a specified viscosity, such as 4, 6, or 8 centistokes. 
They are referred to in this paper as “relative concentration factors” and the 
relation among curves as the “relative concentration relation”. No special 
significance is attached to Sample 1 and any of the curves could have been 
selected as a reference*. The factor for an additional sample can be determined 
by measuring the viscosity of one concentration, say 0.03%, and dividing that 
concentration by the concentration of the reference sample at the same vis- 
cosity. Multiplying the concentration of the reference sample at a selected 
viscosity by this factor gives the concentration of the additional sample needed 
to give the same viscosity. 
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Relation Between Viscosity in Milk and Suspending Power 

For these samples, the suspending concentration was closely related to the 
amount of each required to increase the viscosity of milk, as measured in this 
study, to 7.6 centistokes at 25°(\, i.e., 15 centistokes at 10°C. To investigate 
this relation more thoroughly, the suspending concentrations of 16 additional 
samples were determined and compared with the amount of each required to 
increase the viscosity of milk to 7.5 centistokes at 25®C. The latter values were 
calculated from the measured visc'osity of duplicate 0.03% solutions of each 
sample in milk by applying the method given in the foregoing section. A 0.03% 
concentration of carragecnin was chosen as it gave a good viscosity spread 
among the samples and the results were more reproducible than those for 
higher concentrations, which may produce curd and whey. 

Fig. 2 shows the results for the 21 samples and the correlation coefficient was 
.98. The magnitude of this coefficient suggests that stabilizing chocolate milk 
is a matter of increasing the viscosity to a point where cocoa does not settle. 
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7.5 CENTISTOKE CONCENTRATION AT 25* C. 

Fig. 2. Relation between suspending concentration and concentration of solutions with 
viscosities of 7.5 centi stokes at 25^ C. 


Stabilization of Other Systems 

If the foregoing is correct it vshould be possible to stabilize other systems by 
increasing their viscosities. To investigate this, systems were studied in which 
the components of chocolate milk were eliminated singly. The methods fol- 
lowed were the same as those used in preparing and studying chocolate milk; 
care was taken to keep the pigment in suspension until the solutions thickened. 

In the first series, pigments other than cocoa were used. Preliminary obser- 
vations showed that of a calcium carbonate, a talc, a kaolin, and a carbon 
black, only the last had approximately the same sedimentation rate as cocoa 
in milk; 2% carbon black on the weight of milk was used. In the second series 
a low viscosity sodjum alginate (obtained from Alginate Industries Ltd., 
London, England) was used in place of carrageenin. Sodium alginate does not 
dissolve readily in milk; concentrated aqueous solutions were prepared and 
one part used to nine of hot milk. Alginate thickens milk because the calcium 
in milk converts it to calcium alginate, which is a gel under these conditions. 
In the third series 0.04 N potassium chloride solutions were used in place of 
milk. Difficulty was experienced in detecting sedimentation in this medium. 
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In milk, settled particles of cocoa are seen against a whitish background but 
in aqueous media the background is the same color as the cocoa. This diffi- 
culty was diminished by lowering a Lucite rod, with a light at the top, into the 
medium. Particles could be seen against this light; sedimented particles could 
be pushed together with the Lucite rod. 

The minimum concentration of suspending agents and the viscosities of the 
stabilized systems are given in Table I. Viscosity is particularly sensitive to 
concentration in this region, but suspending concentrations cannot be deter- 


TABLE I 

Viscosity of stabilized systems at 10°C. 


System 

Minimum 
buspending 
concentration, % 

Viscosity of 
stabilized system, 
centistokes 

M ilk-carrageenin-c<x?oa 

0 040 

15 0 

Milk-carragccnin-carbon black 

0 040 

15 2 

Milk-sodium alginate-cocoa 

0 175 

17.1 

0.04 N KCl-carrageen in-cocoa 

1 0 225 

14 2 


mined accurately; therefore, these values (14 to 17 centistokes) are considered 
to be in good agreement. As high viscosity was the one factor common to all 
four systems, these results support the view that stabilization is a matter of 
high viscosity. 


The Casein Complex and Carrageenin 

Although the foregoing indicates that viscosity is important in stabilization, 
no (due is given as to the components of milk that contribute to the viscosity 
increases on the addition of carrageenin; various relations were therefore 
studied. 

Effects of Milk Components on the Viscosity of Carrageenin Solutions 

Sample 1 (susjiending concentration 0.04%) was used throughout and 
measurements were made of the viscosity of solutions in the following: milk, 
skim milk, milk dialyzed for four days against 0.05 N scxlium chloride at 5®C. 
in viscose tubes, whey (from rennet coagulated milk), 2.8% casein at pH 6.8 
in 0.04 N potassium chloride, salt solutions whose concentrations approximated 
that of the various cations in milk (2, p. 294), and 0.05 N sodium chloride. 
The casein had been prepared by acid precipitation at the isoelectric point. 
All solutions were refrigerated for 24 hr. and the viscosity was calculated from 
the first flow time through the viscometer. 
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In Fig. 3, the viscosity at 25®C. was plotted against the concentration of 
carrageenin. These results show that skim milk is not appreciably different 
from whole milk, as only slightly more carrageenin was needed to bring the 
viscosity to the 7.5 centistoke or suspending level. Whey required a concen- 
tration of 0.22%, or five times as much, to reach the 7.5 centistoke level; in 
fact, whey is no better than 0.04 N potassium chloride, a concentration that 
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Fig. 3 Effect of carrageenin on the viscosity at of milk and milk components. 


was selected because milk contains about this amount of potassium ions (2, 
p. 294). The curves for solutions in 0.05 N sodium chloride and in 0.025 N 
sodium chloride plus 0.015 N magnesium chloride were similar. The addition 
of O.OG N calcium chloride to 0,04 N potassium chloride caused the mixture 
to separate into two 'phases and viscosity measurements were meaningless. 

The curve for dialyzed milk shows that dialyzing, which probably removed 
potassium, calcium, and phosphate ions, approximately doubled the amount 
of carrageenin required to reach the 7.5 centistoke level. Adding potassium 
chloride to dialyzed milk had no effect. Adding calcium chloride caused the 
milk to coagulate and it could not be studied. 
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The curve for casein plus potassium chloride had to be discontinued at 0.15% 
carrageenin ; above this concentration the mixture separated into two phases. 
The results show that the casein solution did not behave in the same way as 
milk. 

These results show that, with the exception of the removal of fat, modifica- 
tions of the milk increased the amount of carrageenin needed to reach the 7.5 
centistoke level. This suggests that the natural casein-complex present in milk 
is responsible for the large increase in viscosity of milk on the addition of small 
amounts of carrageenin. If this complex is upset by dialysis or by removing 
the casein, much more carrageenin is required to build up the viscosity. 

Gelling of Milk with Carrageenin 

The most probable explanation of these observations is that carrageenin and 
the casein-complex gel together. Definite evidence of this was obtained by 
adding 0.1% of Sample 1 to milk. 'Phis set to a gel, which on refrigerating 
and stirring separated into curd and whey, indistinguishable from rennet curd 
and whey. An analysis of the whey from the carrageenin-coagulated milk 
showed it to contain 1.52 mgm. of nitrogen per ml., as compared with 1.42 
mgm. of nitrogen per ml. of whey from rennet-coagulated milk. The addition 
of hydrochloric acid to the whey from carrageenin-coagulated milk did not 
give a precipitate. These observations suggest that carrageenin effectively 
precipitated the casein. The casein-carrageen in gel melted when warmed to 
40®C., which is in the region of the temperature at which aqueous gels melt. 

Relation Between Suspending Power in Milk and Viscosity in 0.05 N 

Sodium Chloride 

Although the foregoing helps to elucidate the mechanism of chocolate milk 
stabilization it does nothing to explain the difference between carrageenin 
of high and low suspending powers. As mentioned previously, aqueous solu- 
tions of carrageenin are relatively viscous and an obvious choice of investi- 
gations was to examine any relation between the viscosity of carrageenin in 
aqueous solutions and in milk. Before this could be undertaken it was neces- 
sary to study the effect of other factors on the viscosity of aqueous carrageenin 
solutions. 

Methods 

Aqueous carrageenin solutions were prepared by dispersing carrageenin in 
boiling water and holding the mixture, with occasional shaking, in a hot water 
bath for 20 min. The heating time was not critical from the standpoint of 
viscosity — a solution was heated for an additional 20 min. without reducing its 
viscosity significantly. For a scries of solutions, a stock solution was prepared 
and diluted by weight with water, salt solution, or buffer, as required, and then 
heated to 50®C. and cooled again to 25®C. Viscosities were determined in 
A.S.T.M. Standard, Size 100, Fenske Modified Ostwald Viscometers. pH 
was determined electrometrically. 
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Effects of Salts y plly Storage Temperaturey and Concentration 

As would be expected these four factors are interrelated. Fig. 4 shows the 
effects of sodium chloride and of calcium chloride on the viscosity at 26®C. of 
solutions of 0.1 % salt-free, air-dry carrageenin. Curves for magnesium chloride 
and lithium chloride were similar to those in Fig. 4. It is evident from the 
shape of these curves that carrageenin exhibits the well known electroviscous 
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CONCENTRATION OF SALT - N. 


Fig 1 Effect of ialh on the vtscostty at £6°C of 0 1% carrageenin solutions 


effect (6, p. 171). The viscosities of these solutions did not alter over a period 
of three days at 25®C. Potassium chloride in concentrations up to 0.05 N had 
the same effect as sodium chloride on the viscosity of 0.1% carrageenin solu- 
tions stored at 25®C. but greater amounts of potassium chloride promoted 
gelling. At 60®C., which is above the gelling temperature of carrageenin, the 
viscosity of 0.1% carrageenin solution in water was 1.9 centistokes, in 0.1 N 
sodium chloride it was 0.73 centistokes, and in 0.1 N potassium chloride it 
was 0.75 centistokes. 

Table II shows the eflfects of pH on the viscosity of 0.1% carrageenin solu- 
tions in 0.1 AT sodium chloride, after storage at 25®C. for periods up to one week. 
The solutions were prepared in 0.1 iV sodium chloride because preliminary tests 
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TABLE II 

Effect of pH on viscosity of 0.1% carrageenin 
(in 0.1 N sodium chloride) stored at 26®C. 


pH 

Viscosity at 25®C., centistokes 

After i hr. 

After 1 day 

After 1 week 

1 2 

1 32 

1 03 

0.96 

3 7 

1.36 

1.35 

1 30 

4 4-8.8 

1 35 

1 34 

1 34 

12 2 

1 31 

1.27 

1 24 


showed that some of the buffers (acetic and boric acid) did not swamp the 
electroviscous effect, 'fhe pH was adjusted by adding 0. 1 N hydrochloric acid ; 
O.l mono- and discxlium phosphate; 0.2 M boric acid and sodium borate; 
and 0.1 AT sodium hydroxide. The results indicate that hydrogen ion concen- 
tration had no appreciable effect except at the extremes, where it probably 
promotes depolymerization. 
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Fig 6 Effect of lonccntratwn on the viscosity at 25° C oj carrageemn in 0 05 A sodium 

chloride 


Storage at 10®C. iiUTe«ise(l the viscositieb at 25®C of man\ carrageenin 
solutions. This is undoubtedly assot'iated with gelling and may be attributed 
to aggregation of carrageenin. Salt-free carrageenin gels melted between 35°C. 
and 40®C. but solutions did not gel unless held at a lowei temperature for some 
time, (iels containing potassium chloride melted between 55®r. and 60®C\ 
Salts that enhanced gelling increased the effect of cold storage on viscosity. A 
method of avoiding these hysteresis effects is to determine the viscosity at ()()®C. 

Fig. 5 shows the relation between the concentration of carrageenin and the 
viscosity of solutions in water and in 0.05 N sodium chloride. None ot the 
solutions had been cooled below 25®C. With low concentrations of carrageenin 
in water, the viscosity increment decreased with increasing concentration. 
This is attributed to the autoswamping of the electroviscous effect by the 
carrageenin itself as its concentration increased. 

Fig. 6 shows the viscosity-concentration curves for a number of different 
samples of carrageenin in 0.06 N sodium chloride. This salt concentration was 
chosen as it effectively swamped the electroviscous effect but was insufficient 
to promote gelling in these concentrations of carrageenin at 25°C. These 
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curves are all similar in shape and the “relative concentration relation” dis- 
cussed previously holds. If Sample 1 is taken as the reference the “relative 
concentration factors” for Samples 2, 3, 4, and 5 arc 1.08, 1.21, 1.33, and 1.60 
respectively. The factors for additional samples, and the concentration 
needed to give a specified viscosity within the range studied, can be determined 
as discussed previously. 

Viscosity and Suspending Power 

Fig. 7 shows the relation between the relative concentration factors for 21 
samples of carrageenin in 0.05 N sodium chloride and their suspending con- 
centrations for cocoa in milk; the correlation coefficient was .91. The factors 



RELATIVE CONCENTRATION FACTOR 

Fig. 7. Relation between smpendinf^ concentration and ''relative concentration factor'' in 

0.05 N sodium chloride. 

were calculated, as previously described, from the viscosity of duplicate 0.2% 
solutions. A correlation coefficient of .89 was found between the relative con- 
centration factors in milk and the relative concentration factors in 0.05 N 
sodium chloride. 

The magnitude of these correlation coefficients does not eliminate the pos- 
sibility that the difference between samples of high and of low suspending 
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power is due to impurities. An inert diluent in carrag^eenin would increase 
its relative concentration factors in both milk and 0.06 N sodium chloride 
proportionately and would not, therefore, affect the relation between them. 
Potassium salts may enhance viscosity, but a brief study showed that mixing 
potassium chloride with carrageenin increased its relative concentration factors 
in both milk and 0.05 N sodium chloride in proportion to the amount of potas- 
sium chloride added. (The relative concentration factors were calculated from 
the viscosities at 25®C. of refrigerated 0.03% solutions of the mixtures in milk 
and freshly prepared 0.2% solutions in 0.05 N sodium chloride.) Potassium 
chloride under these conditions was therefore acting as a diluent. 

Extracting a sample of low suspending power with alcohol-water solutions 
did not increase its suspending power. Storing a sample of high suspending 
power at (K)®r. for 30 days increased its suspending concentration from 0.04% 
to 0.05%, its 7.5 centistokc concentration in milk from 0.04% to 0.05% and 
its relative concentration factor in 0.05 N scxlium chloride from 1.0 to 1.3. 
These relative increase's are similar but in the absence of tests for i)urity this 
does not prove that low suspending power is not due to an impurity: the 
alcohol-water extraction given might not remove impurities and the heat 
treatment given here and elsewhere (7) could conceivably have modified a 
portion of the carrageenin so that it constituted an impurity. However, the 
latter is most unlikely and it appears probable that suspending power is related 
to the molar mass of the carrageenin. 

Summary and Discussion 

'Phis work shows that the essential factor in suspending cocoa in milk is to 
increase the viscosity of milk to a point where cocoa d(H's not settle. With the 
ccK'oa used this required a vist'osity, as measured in this study, of 7.5 centi- 
stokes at 25°(\, i.e., 15 ceiitistokes at 10°C. and, since the chcKolate milk was 
stored at the lower temperature, it was the 15 centistoke level that prevented 
sedimentation. Viscosities were measured at medium rates of shear; at very 
low rates, such as those caused by slowly settling cocoa particles, the viscosities 
would be higher. Consequently, the true stabilizing viscosity w'ould be more 
than 15 centistokes at 10°C. For different samples of carrageenin the cor- 
relation coefficient between the suspending concentration and the concen- 
tration needed to raise the viscosity of milk to the 7.5 centistokc level was .98. 
Tests in which the components of chocolate milk (cocoa, carrageenin, and milk) 
were replaced singly by carbon black, sodium alginate, and 0.04 N potassium 
chloride, respectively, showed that each of the components could be eliminated 
without upsetting the stability of the system, provided the viscosity was main- 
tained at approximately 15 centistokes or higher. 

The results also indicate that the high viscosity of milk containing carra- 
gecnin is due to the formation of a casein-i'arrageenin gel. This gel melts at 
about the same temperature as an aqueous carrageenin gel, which suggests 
that the main structure is due to carrageenin. This is supported by the rela- 
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tion between the viscosity of carragcenin in aqueous solutions and its sus- 
|)ending power. Carragecnin is probably a polymer of a metal-organic-sul- 
phate, linked through the organic part (3), but the gelling of milk with carra- 
geenin is not similar to the precipitation of proteins with detergents, such as 
sodium dodecyl sulphate, as they precipitate only below the isoelectric point(8). 

Probably the carrageenin forms a weak gel into which the casein-complex 
fits and which it fortifies. It is interesting to compare carrageenin gelling of 
milk with rennet gelling or coagulation; in the latter the rennet upsets the 
casein-complex so that it forms an irreversible gel, whereas the former appar- 
ently forms a heat reversible gel. The action of carrageenin on the cascin- 
complcx may be of use in studying casein. 

Finally, susjx?nding power in milk was related to the viscosity of carrageenin 
in aqueous solutions, and, although this is not in itself proof, it indicates that 
suspending power is related to the mean molar mass of the carrageenin. 'Fhis 
is receiving further study. 

From a practical standpoint this work suggests that viscosity of milk con- 
taining carrageenin is a reliable measure of its susjjending power since the 
correlation coefficient between them >vas .98. However, milk itself is variable 
and unstable and is not an ideal medium for comparative tests. (Consequently, 
viscosity in 0.05 N sodium chloride, although the correlation coefficient be- 
tween this and suspending power was lower (.91), would probably be a more 
convenient measure of sus{)ending power. Viscosity in 0.05 N scxlium chloride 
also has the advantage that it can be measured immediately after the solu- 
tions are prepared, A\hcreas solutions in milk must be refrigerated for a 
standard time prior to viscosity determinations. 
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THE OXIDATION, IGNITION, AND DETONATION OF FUEL 
VAPORS AND GASES 

X. THE CAUSE OF PREIGNITION (SURFACE IGNITION)— 
UNDOPED LIQUID FUEL^ 

By R. O. King^ and E. J. Durand* 


Abstract 

The theory is advanced that surface ignition, generally described as preignition, 
if occurring during compression, is due to partial oxidation of the fuel to aldehyde, 
a relatively small concentration of this inflammable substance being suflicienl for 
ignition of the charge by the hot surfaces normally present in the combustion space 
of a high duty engine. The igniting effect may be early or laU*. that is, before or 
after spark ignition. Early surface ignition may cause de.sl ruction of pistons and 
exhaust valves of supercharged engines and is indicated by severe knocking. When 
the effect occurs late in the combustion period there is no destructive effect and the 
engine will run without .spark ignition. The theory is confirmed bv engine experi- 
ments with rich mixtures which oxidize readily to aldehyde, and it is shown that 
the occurrence of surface ignition then depends on surtace and mixture temper- 
atures. Thus in temperature conditions chosen to eliminate surface ignition, ft- 
heptane can be usc*d in the C.F.R. engine at 10 : 1 compression ratio and the per- 
formance of acetaldehyde does not differ from that of a hydrocarbon fuel. A 
conclusion of importance in practice is that early surface ignition may occur in a 
pkirticular cylinder of a multicylinder supercharged engine receiving an extremely 
rich mixture, because of uneven distribution. If the surface ignition led to the 
destruction of an exhaust valve or a piston, continued running of a highly super- 
charged engine on the unaffected cylinders would have the disastrous consequences 
arising from explosion of the compressed mixture in the induction system. 


Introduction 

An essential condition of the type of knocking combustion frequently’ 
described as “detonation” is that the end gas be in a chemical or physical 
state such that flame propagation can ot'cur in it at an abnormally high rate, 
otherwise combustion, already prcx'eeding at normal velocity , would be com- 
pleted without knock. It is held generally’ that the presensitization of the end 
gas is due to preflame oxidation reactions. On the other hand, according to 
the hypothesis advanced in Part IV (10), an abnormally’ high rate of flame 
propagation is a consequence of the end gas having become impregnated with 
finely divided carbon. The carbon is provided by’ pyroly sis of the lubricating 
oil when hy^drogen or town gas is used as engine fuel, as demonstrated exj^eri- 
mentally, Parts V (13) and VI (14), but mainly by pyrolysis of the fuel when 
liquid hydrocarbons are used. 

Abnormally rapid combustion of the presensitized end gas might occur by 
sudden acceleration of the normal rate of flame movement as in long tubes ; in the 
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engine combustion space the effect can be initiated by nuc lei acting as promoters 
of Ignition oi by the igniting effect of hot surfaces Both types of ignition are 
shown b\ the high speed photographs of knocking combustion taken by 
Withrow and Rassweiler (21) The phenomena are shown even more dis- 
tinctly b> the ultra high speed photographs taken by Miller (17) and by Miller, 
Olsen, Logan, and Osterstrom (18). 

Surface ignition, unlike the nuclear t> pe, need not be c onfined to the end gas 
and may occur at an> time after the opening of the inlet valve and is described 
loosely as preignition The term would better be applied to induction ignition 
whuh seldom ex curs unless initiated b> the residual flame of slow buining 
mixtuies The term “surface ignition” is theicforc applied to an igniting 
effect arising after the closing of the inlet valve 

When sui fai e ignition ck curs before optimum ignition timing, it is equivalent 
to advam ing the spaik and will be clcscubcd as “eaih ” When it occurs after 
o[)timuni ignition timing, it is equivalent to letarding the spark and will be 
described as “late” The engine will continue to run on late suifiie ignition 
when spark ignition is switched ofl 

“Pieignition” is commonK believed to be due to the igniting effect of ini an- 
descent spark plug points or pate hes of i aibonaceous oi othci inattci in icsjiei t 
of the combustible niivtuie as admitted to the engine cvhndei Induction 
ignition is possible accoiclingl> but not the surface ignition which occurs espe- 
ciallv when using i ich mixtures after the inlet valve c loses and the “hot points” 
have been cooled b\ the entering charge Inciclentalh , methanol is excep- 
tionally prone to surface ignition in spite of the c ooling etfee t due to the high 
latent heat of vapoii/ation Ihus an increase in the inflamniabilit\ of the 
combustible mixture duiing compression in c ombin ition with suitable temper- 
atures api>eaiecl to be required for promotion of sin face ignition 

\n increase of inflammabilit\ would be obtained on the parti il oxidation of 
the h\clrc)carbon fuel to aldehyde which is known to occur duiing compiession, 
and whether oi not ignition then occurred would depend on the concentration 
of aldehyde attained and on maximum suifac e temperature whic h c in be con- 
trolled, especially in a liquid cooled engine The engine experiments to be 
described were planned accordingK, it being assumed as indicated by the 
experiments of Part II (8) that aldehyde is formed b\ a heterogeneous oxida- 
tion reaction and that ignition of the substance is not autocataly tic 

Experimental Arrangements 

The standard C F R engine was used for the experiments Richer mixtures 
than usual were obtained as required by using oversize fuel flow control orifices 
Knock intensity described as “standard” is defined in Part VIII (12, p. 215) 
and IS somewhat lighter than the A S T M standard. 
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The fuels used for the experiments were as follows, — 

Fuel 5, Lot 1: Distillation range 85° to 429°F. See graph of Fig. 1, Part 
VIII (12), for details. 

n-Pentane: technical grade, initial boiling point 94°F., dry point 100°F. 

n-IIexane: commercial grade, initial boiling point 150°F., dry point 156°F. 

n-IIeptane: as supplied for octane number determination according to 
C.F.R.-A S.T.M. procedures; boiling point closely approximates the correct 
value of 98.38°C. (209°F ). 

Acetaldehyde: pure, boiling point, 21 °C. (70.8°F.). 

Preliminary Engine Experiments with the Three Paraffins and Fuel S 

Temperatures of initial oxidation or combustion of pentane, hexane, and 
heptane taken as indicated by the appearance of peroxides, aldehyde, watei. 



Fig 1. Effect of mixture enrichment on the combustion of heptane, hexane, pentane and fuel S 

in the engine 

and carbon oxides in the reaction products, are given by Pye (20, p. 98) as 
295°, 266°, and 230°C. respectively. The given values are regarded as 
approximate only, mixture strength not having been closely controlled. 

Preliminary engine experiments using the three paraffins mentioned and 
fuel S were made in high temperature operating conditions, mixture strength 
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being continuously enriched to promote surface ignition while compression 
ratio was increased to maintain standard knock intensity. Ignition timing 
was retarded as compression ratio was increased, in accordance with the C.F.R.- 
A.S.T.M. method of knock rating. The results of the experiments are given by 
the graphs of Fig. 1. 

The beginning of early surface ignition is marked on the graphs by single 
short horizontal lines. It will be noted, as would be expected from the con- 
sideration mentioned above, that the effect occurred at decreasing mixture 
strength and decreasing temperature as represented by usable compression 
ratio, as the paraffin series was ascended from pentane to heptane. 

Late surface ignition on which the engine would run without spark ignition 
is indicated by the pair of short horizontal lines on the graph for heptane. The 
effect was obtained with that fuel only. There were indications of early sur- 
face ignition when rates of heptane supply were even lower than those indi- 
cated on the graph as marking the beginning of the effect. The occasional 
surface ignition knock then obtained was “heavy”, as would be expected. On 
the other hand, the late surface ignition knoc'k observed when the engine would 
run without spark ignition was nearly continuous, and intensity differed so 
little from that adopted as “standard” that it was necessary to switch off the 
spark ignition to demonstrate the existence of the effect. 

Cool Engine Experiments with Heptane 

The preliminary experiments indicated that heptane was the most suitable 
fuel to use for engine experiments to be made in conditions adapted to elim- 
inate combustion knock due to either early or late surface ignition. Further 
experiments were made, therefore, with the temperature of the jacket cooling 
water, taken at the outlet, reduced to 100®F., the heptane-air mixture 
unheated, and the engine speed reduced to 400 r.p.m. to reduce power and 
consequently the temperature gradient from the combustion space surface 
to the coolant. The experimental results arc given by Graph A of Fig. 2. A 
second set of exi>eriments was made in similar temperature conditions but with 
the engine speed raised to 900 r.p.m. The results are given by Graph B of the 
figure. Graph C of the figure for the heptane as used in standard G.F.R.- 
A.S.T.M. knock testing conditions is reproduced from Fig. 1 to show the 
remarkable change in j)erformance obtained on eliminating surface ignition. 

There was not the slightest indication of early or late surface ignition during 
the low temperature experiments, at either 400 or 900 r.p.m. At 400 r.p.m. 
standard knock intensity could be maintained at compression ratios rising 
from 4.55 to 10:1 as the rate of heptane supply was increased from 1.3 to 2.1 
lb. per hr., which represents an increase in mixture strength of 62%. At 900 
r.p.m. standard knock intensity could be maintained as compression ratio was 
raised from the minimum value of 5.3 to the measurement limit of 10, on increas- 
ing mixture strength by 50% only. It should be noted that the minimum 
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value of usable compression ratio is usually obtained at the "correct'' mixture 
strength and that an increase of as much as 30% may be required to obtain 
maximum power. 

The fuel performance obtained on the elimination of surface ignition is 
believed to be that governed by nuclear ignition of the end gas, and the de- 



Fig 2 Effects of surface temperature and enruhfmnt of the mixture on the combustion of 

heptane tn the engine 


c rease of knock with increase of engine speed can then be attributed to the 
consequent decrease in the time available for p>rol\sis of the fuel to yield the 
lequired concentration of finely divided carbon. 

Engine Experiments with Acetaldehyde 

Prettre (see W. Jost (7, p. 441)), discnissing the luminescence of heated 
acetaldehyde-air mixtures, mentions that the lively combustion of the mix- 
tures with a small surplus of aldehyde assumes an explosive form that is never 
observed in hydrcx:aibon-air mixtures and that normal ignition takes place at 
about 350®C. Egerton and (jates (2) obtained an igniting temperature of 
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395*^C. on allowing a drop of acetaldehyde to fall into a heated iron pot; the 
igniting temperature of pentane was 515®C. in the same circumstances. It 
would be expected, therefore, that an acetaldehyde-air mixture would ignite 
prematurely if used in an engine as usually operated. Thus Egerton, Smith, 
and Ubbelohde (3, p. 404) state that the pure substance, b.p. 21®C., when used 
as fuel for an ethyl kno('k testing engine was “found to knock so violently that 
the engine could not be run”. 

It seemed to be possible, in the light of the exi)eriments madelwith heptane, 
that the violent knock observed by Egerton et al, was due to early surface 
ignition and not to explosive combustion of the unburncd mixture ahead of the 
flame, late in the combustion period. 



Fig. 3. The antiknock effed of mixture enrichment when pure acetaldehyde is used as fuel for 

the C.F.R. engine. 


Experiments with the C.F.R. engine were carried out accordingly in condi- 
tions chosen to avoid surface ignition. The jacket cooling water was main- 
tained at 90®F. and the engine run at 400 r.p.m. Furthermore, the experiments 
were delayed until mid-winter, when it was possible to reduce the laboratory 
air temperature to 55®F. The quantity of acetaldehyde available for the experi- 
ments was insufficient for a determination of the change of optimum ignition 
timing with change of compression ratio. A fixed ignition advance of 10° was 
chosen as suitable for a fast burning fuel. 

The results of the engine trial are given graphically by Fig. 3. It will be seen 
that the acetaldehyde behaved like an ordinary hydrocarbon fuel. The min- 
imum compression ratio, 4.9:1, with standard knock intensity was obtained 
when the rate of aldehyde supply was 2.9 lb. per hr. and standard knock inten- 
sity was maintained as rate of supply was increased until compression ratio 
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reached 7.4:1. The increase of mixture strength was then 48%, the rate of 
supply of 2.91b. per hr. being taken as corresponding to the “correct** mixture 
strength. The experiment was stopped at the compression ratio of 7.4:1 because 
frost then affected the flow from the carburetor jet; otherwise it might have 
been continued until the compression ratio reached the measurement limit 
of 10:1. 


Discussion 

The results of the engine experiments accord with the theory that ignition 
of liquid fuel during compression does not occur until the fuel has been partially 
oxidized to aldehyde. The results of laboratory experiments described in 
earlier Parts support the theory. 

Thus it was shown by experiments, Part II (8), that pentane ignition tem- 
peratures as low as 515®C. and initial oxidation temperatures as low as 295®C. 
mentioned earlier can be obtained solely if cx[)erimental conditions are such 
that partial oxidation to aldehyde can occur. Turbulence was found to be 
the essential condition. Oxidation proceeded very slowly without that factor. 
Reaction was then to steam and carbon dioxide only and, in the absence of 
aldehyde, ignition could not be obtained even at 750®C., the limit of the indi- 
cating instrument. On the other hand, turbulence provided by convection 
currents in a vertical combustion tube sufliced to start oxidation at tempera- 
tures below 3()0®C\, with profuse formation of aldehyde. Fig. 2, Part II, loc. cit., 
and explosion occurred when the tube wall attained a tcmi^erature of 5(>0®C. 

The fuel-air mixture on passing the inlet valve of the engine, necessarily 
with great veUx'ity, enters the hot cylinder and combustion space in a state 
of high turbulence, and the formation of aldehyde would be expected. The 
consequent tendency to surface ignition would not, according to the theory 
advanced, increast* with increase of mixture strength unless rate of aldehyde 
formation increased accordingly. The combined effect of mixture enrichment 
and turbulence to increase rate of aldehyde formation was shown b\ experi- 
ments described in Part VII (U) using reaction chamber No. 10. The graphs 
relating to 25% weak, “correct**, and 100% rich mixtures with air have been 
collected and are shown together. Fig. 4 of this Part. Air was supplied to the 
reaction chamber at 75 cc. \)er min. and pentane added as required for the 
stated mixture strengths. The graphs show that aldehyde is formed over the 
low temperature range at a rate increasing rapidly with increase of mixture 
strength. The maximum rate of low temperature oxidation, shown by the 
height of the “aldeh>de hump” increased by more than 100% as mixture 
strength was increased from 25% weak to 100% rich, approximately the usable 
range in an engine. The fact that ignition did not oc'cur is attributed to the 
rate of flow through the reaction chamber of 2.5 cc. volume being sufficiently 
rapid to remove the aldehyde almost immediately after formation. 

There is, however, ample available experimental evidence respecting the 
formation of aldehyde during the compression of hydrocarbon air mixtures in 
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engines. Thus, Callendar et al, (1, p. 28) demonstrated the formation of 
aldehyde and peroxide during compression and obtained “auto-ignition and 
detonation" without spark ignition when using a rich mixture of undecane 
with air in a Ricardo E 35 engine, the mixture being preheated to 80®C. 
(17()°F.) and the jacket water to the same temperature. Measurements were 
made later by Egerton, Smith, and Ubbelohde, (3, p. 4()()) of the aldehyde and 



Fig. 4. Oxidation reaction rates over and temperature ranges as affected by 

increase of mixture strength. 


peroxide formed duriiiR the compression stroke of an ethyl knock testing engine 
running at (iOO r.p.m., using a jacket temperature 21 2°F. and unheated induction. 
Aldehyde was formed up to 10% by weight of the fuel although conditions in 
respect of mixture strength and temperature were not the most favorable. 
Moreover, although the engine was run under power, samples for aldehyde 
estimation were drawn only when spark ignition was switched off. 

Concluding Comment 

The conclusion arising from the experiments described in this Part, namely, 
that aldehyde is responsible for the preignition or surface ignition that occurs 
during compression, is novel, so far as known. The widely held view is that 
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the effect is due to the premature ignition of the fuel-air mixture, in the state 
supplied to the engine, by exceptionally hot spots in the combustion space such 
as spark plug points. Temperatures required are, according to Hundere and 
Bert (6), of the order of 2000®F. (1 100®C.) for the first stages of preignition and 
several hundred degrees higher for very advanced preignition. They conclude 
that no material in the combustion space can attain the requisite temperatures 
without melting, other than the ceramic core of the spark plug, certain types 
of deposits, some from ethyl fluid, because of poor thermal contact with under- 
lying surfaces and in some cases the exhaust valve head. Preigniton occurs 
frequently, nevertheless, in ordinary motor car engines without surface tem- 
peratures rising to the degree required to melt an exhaust valve or an aluminum 
piston. 

The usual method of determining preignition tenq^erature is to heat a 
“temperature plug” projecting into the combustion space until ignition is 
obtained in advance of the spark. The extremely high “observed” plug tem- 
perature would be required unless the mixture contained excess fuel or con- 
stituents prone to oxidize to aldehyde. That is, temperatures of 2000°K. and 
over must have been observed in conditions in which preignition could not 
occur normally. 

The adverse effect of uneven distribution of fuel-air mixtures to multi- 
cylinder engines, in respect of power developed, has long been recognized. 
Accurate measurements made by Gerrish and Meem (5) show differences in 
mixture strength as between cylinders of a multicylinder radial aero engine of 
as much as 30%, and Marble, Ritter, and Miller (16) describe methods of 
reducing the differences with the object of increasing the possible maximum 
power. 

The experiments described in this Part show that it is important to provide 
for uniform distribution in order to avoid surface ignition, which, if ot'curring 
“early” in one cylinder of a supercharged engine, may have the disastrous 
consequences following from the burning of the exhaust valves and piston of 
that cylinder while the engine continues to run on the others. 
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THE OXIDATION, IGNITION, AND DETONATION OF 
FUEL VAPORS AND GASES 

XL THE LOSS OF POWER COINCIDENT WITH THE ANTIKNOCK ACTION 
OF THE CARBONYLS OF IRON AND NICKEL IN RICH MIXTURES' 


By R. O. King^ and Edwin J. Durand* 


Abstract 

Experiments are described which show that the increase in usable compression 
ratio obtained on adding: iron or nickel carbonyl to rich mixtures with air, of h>dro- 
carbon fuel used in the high temperature conditions of the A S T.M.-C.F.R. motor 
method of knock testing, is not accompanied by a commensurate increase in power 
The percentage by which the observed power for the doped fuel is less than that 
obtainable if a nonknocking fuel were used at the same compression ratio has been 
determined for various additions of the iron and nickel carlxmyls of Fuel 5, a com- 
mercial gasoline. The loss of possible power when using iron carbonyl in the 
concentration of 0 50 cc per liter, increased from 2% at maximum power mixliiie 
strength to over 22% at extremelv rich mixtures Ihe loss is attributed to appre- 
ciable oxidation of the fuel to hnal prcxlucts, prior to the completion of compression, 
especially when doiied fuel is used Thus the experimental results conlirm the 
theory, advanced in Part III, that metallic antikncxrks act by promoting the high 
tempeiature surface (heterogeneous) oxidation of h>drocarbon fuel to steam and 
carbon dioxide; not bv inhibiting a homogeneous oxidation reaction by the breaking 
of leaction chains, as generally supi>ose(l. 


Introduction 

The theories that organic' pen^xitles cause detonation and that the antiknock 
organometallic c'ompounds act by' destrox ing the peroxides or preventing their 
formation were first advanced by Callcndar and associates (2, 3). The theories 
in one form or another «ire still current. Egerton and Gates (o) regard anti- 
knocks ‘‘as negative catalysts which react with and remove those substances 
(peroxides) w'hich auto-catalyse combustion”. Egerton in a later publication 
(4) assumes that preflame oxidation in the engine is a homogeneous reaction, 
that it proceeds to ignition in the end gas by' chain reactions, and that the 
metallic antiknocks act by breaking the chains. Ubbelohde (15, p. 2943) refers 
to “the complete inhibition of all oxidation by the addition of antiknocks”. 
Prettre (12, p. 2956) concludes that “the influence of antiknocks in engines can 
only be explained by their inhibitory action on thermal combustion”. Beatty 
and Edgar (1, p. 2934 and p. 2930) consider that “there is little evidence for 
the occurrence of significant surface reactions in an engine” and conclude that 
“antiknock agents act as inhibitors for the slow oxidation in the end gas. Their 

' Manuscript received April 4, 19^9, 

Contnbutwn from Defence Research Board, Ottawa, Canada, in association with the Depart- 
ment of Mechanical Engineering, University of Toronto. 

* Research Scientist, Naval Division, Defence Research Board and Honorary Lecturer, Depart- 
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effect is to break short the reaction chains and so prevent the chain develop- 
ment from reaching that critical point at which its multiplication begins”. 

The current theory mentioned above is no longer tenable in view of the 
experiments described in Parts I (6), II (7), and III (8). They show that the 
products of surface oxidation of engine fuel at high temperatures delay the onset 
of detonation or knocking combustion. The products are steam, carbon di- 
oxide, and carbon monoxide when undoped fuels are used but when the fuel 
contains metallic dope the products tend to be steam and carbon dioxide only, 
at any temperature, and the antiknock effect is enhanced accordingly. 

The difference between rates of surface oxidation of doped and undoped fuel 
at high temperatures and the effect of mixture strength on reaction rates were 
shown by experiments made when using reaction chamber No. 10 and are 
described in Part VII (10). Rates of reaction were found to increase by 100% 
on raising the temperature from 000° to G50°C. and to increase by 100% at 
any temperature within the range, on increasing mixture strength from 25% 
weak to 100% rich. Nearly 20% of the oxygen in the weak pentane-air 
mixture passing through the chamber was reacted at 000°C., and 80% of the 
ox> gen in a 100% rich mixture was reacted at 650°C. Similar rates of reaction 
but at temperatures lower were obtained when iron carbonyl was added 

to the pentane. 

Temperatures attained by the end gas in an engine when combustion is 90% 
complete are estimated to he somewhat greater than 650®C. even at the low 
compression ratio of 4.0 (9, {). 233), and during the whole of the combustion 
period the “skin” surface temperatures which determine the velocity of surface 
oxidation would be higher to an unknown degree, because of radiation from 
the flame. Surface oxidation prior to completion of compression would result 
in a loss of power. The greater loss would occur if oxidation were promoted 
to final products by the use of metallic antiknocks, especially as reaction would 
then proceed at high velocity even at temperatures as low as 430°C. (9, p. 438). 

Thus the experiments described in this Part show the difference in the effects 
on power and kno('k, due to surface oxidation, as between Fuel S and the same 
fuel containing iron or nickel antiknocks. 

Section 1 

Expkrimental Arrangements and Results 

The C.F.R. knock testing engine used for the experiments was “standard” 
except that arrangements were ma<le for accurate measurement of power 
output. 

The belt driven main and auxiliary generators of the C.F.R. unit were dis- 
connected from the engine. The main generator was then driven as a motor 
from the laboratory d-c. supply and it in turn drove the auxiliary generator 
which supplies current for the engine auxiliaries, such as the bouncing pin, the 
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oil heater, the intake air heater when used, and the ignition system. The engine 
was then direct connected to a d-c. swinging field dynamometer with beam 
type scale. Thus, net brake horsepower was measured. Indicated horsepower 
was obtained by adding, to the B.H.P. observed when the engine was devel- 
oping power, the brake horsepower required to overcome friction and pumping 
losses when fuel was not added to the air supply and the engine was ‘‘motored” 
by the dynamometer. ‘‘Motoring” loss was measured after every set of power 
observations as soon as possible after stopping the fuel supply. 

All the experiments to be discussed were made in the conditions of the 
C.F.R.-A.S.T.M. motor method of knock testing; mixture temperature, 
300®F.; jacket coolant temperature, 212®F.; and engine speed, 900 r.p.m. 

Fuel 5, Lot 2, a commercial grade of gasoline, generally similar to Fuel 5, 
Lot 1 (11, pp. 212-213), was used for the experiments. 

The experimental results are given by the graphs of Figs. 1 to 5. A uniform 
system of lettering is used. Thus variation of the compression ratio for 
standard knock intensity with increase of mixture strength is shown for the 
doped fuel by the A graphs and for the undoped fuel by the A\ graphs. The 
variation of indicated horsepower (I.H.P.) with increase of mixture strength 
is shown for the doped fuel by the B graphs and for the undoped fuel by the 
Bi graphs. 

The term ‘‘usable C.R.” will be used hereafter as an abbreviation of ‘‘com- 
pression ratio for standard knock intensity”, as defined in Part VIII (9, p. 215). 

It is shown by the Ai graphs that the minimum value of the usable C.R. 
was obtained when the rate of fuel consumption of the undoped fuel was 1.85 
lb. per hr., and, as explained in Part IX, it may be assumed that the fuel-air 
mixture was then approximately ‘‘correct” and consequently that percentages 
by which the mixture strength is rich or weak can be calculated accordingly 
for other rates of fuel consumption. 


Nickel Carhonyl Additions to Fuel S 

Concentration: 0,23 cc, per Liter of Nickel Carbonyl, Fig. 1 
The graphs of Fig. 1 show that nickel carbonyl in the concentration in the 
fuel of 0.25 cc. per liter is of slight effect to increase the usable C.R. at correct 
mixture strength and that there is no increase of power. 

Maximum power is obtained at a rate of fuel supply of 2.3 lb. per hr., that 
is, with a mixture strength 24% rich. The value 4.02 I.H.P. is the same for 
both fuels within the accuracy of measurement, although the usable C.R. for 
the doped fuel was 6.5 and for the undoped fuel 6.07. That is, an increase of 
0.43 in usable C.R. obtained on adding the nickel carbonyl was not accom- 
panied by any increase of power. 
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It will be noted that for rates of fuel consumption exceeding 2.5 lb. per hr. 
the large increases in usable C.R. obtained accordingly were accompanied by 
relatively large decreases in power. 



Fig. 1. The relation between usable compression ratio and power as affected by nickel carbonyl 
in the fuel in the concentration of 0.25 cc. per liter. 


Concentration: 0.60 cc. per Liter of Nickel Carbonyl. Fig. 2 
The effects on power and usable C.R. are shown in the graphs of Fig. 2. At 
the maximum power mixture strength, 2.3 lb. of fuel per hr., an increase of 
from 4.02 to 4.18 I.H.P. is obtained for a usable C.R. increase of from 6.07 
to 6.80. The beneficial effect on power diminishes with further increase in 
mixture strength although usable C.R. increases rapidly, and when rate of fuel 
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consumption reaches 2.9. Ib. per hr. the power developed by the doped mixture 
at a usable C.R. of 8.34 is the same as that for the undoped fuel at a usable 
C.R. of 6.92. The mixture strength being still further increased, usable C.R. 
increases accordingly but the power becomes less than for the undoped fuel at 
very much lower usable compression ratios. 



Fig. 2. The relation between usable compression ratio and power as affected by nickel carbonyl 
in the fuel in the concentration of 0.50 cc. per liter. 

Concentration: 1,0 cc, per Liter of Nickel Carbonyl, Fig. 3 
The effects on power and usable C.R. are shown by the Graphs of Fig. 3. 
At the maximum power mixture strength, 2.3 lb. of fuel per hour, I.H.P. 
increases from 4.02 to 4.34 for the very large increase in usable C.R. of from 
6.07 to 7.85. 
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A usable C.R. of 10, the limiting value for the engine as used, was attained 
for the doped fuel on increasing the rate of fuel consumption to 2.9 lb. per hr. 
The increase in usable C.R. from the 6.92 of the undoped fuel was accompanied 
by an increase of from 3.92 to 4.15 I.H.P., that is, less than 6%. 



Fig. 3. The relation between unable compression ratio and power as affected by nickel carbonyl 
m the fuel in the concentration of 1.0 cc. per liter. 


Equal power was developed by the doped and undoped fuels at a fuel con- 
sumption of 3.17 lb. per hr.' The usable C.R. for the undoped fuel was then 
7.26 but that for the doped fuel was greater than 10. 
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Iron Carbonyl Additions to Fuel S 
Concentration: 0,25 cc. per Liter of Iron Carbonyl. Fig. 4 
The eflfccts on power and usable C.R. are shown by the graphs of Fig. 4. 
The antiknock effect of the iron in respect of weak mixtures is noteworthy. 
Thus the minimum value of the usable C.R. 5.68 was observed when the rate 



Fig 4 The relation between usable compression ratio and power as affected by iron carbonyl 
in the fuel tn the concentration of 0 26 cc per liUr 


of doped fuel consumption was 1 76 lb. per hr , whereas when Fuel S was used 
undoped, the minimum usable C R. was 5.54, observed for a rate of fuel con- 
sumption of 1.85 lb. per hr. The I.H.P. for the undoped fuel used at 1.85 lb. 
per hr. was 3.93 and for the doped fuel 4.04 at the same rate of fuel consump- 
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tion, that is, a power increase of 2.8% was obtained on increasing the usable 
C.R. from 5.54 to 5.78. 

The maximum I.H.P. of 4.28 was obtained for the doped fuel when the rate 
of fuel consumption was 2.4 lb. per hr.; the usable C.R. being then 7.28. The 
I.H.P. for the undoped fuel at the same rate of consumption was 4.0; the usable 
C.R. being then 6.21 ; that is, a power increase of 7% was obtained on increasing 
the compression ratio from 6.21 to 7.28. 

The same I.H.P., namely 3.9, was obUiined for both fuels when the rate of 
consumption was 3.1 lb. per hr. although the usable C.R. for the doped fuel 
was 8.95 as compared with 7.2 for the undoj)ed fuel. 



RATE OF FUEL CONSUMPTION, LBS. PER HR. 

Fig. 6. The relation between usable compression ratio and power as affected by iron carbonyl 
in the fuel in the concentration of 0.50 cc. per liter. 
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Concentration: 0.50 cc. per Liter of Iron Carbonyl. Fig. 5 

Considering a rate of fuel supply of 1.85 lb. per hr., usable C.R. increase 
from 5.54 to 6.07 and I.H.P. from 3.93 to 4.07, that is 3.6% on adding the 
carbonyl. 

The maximum I.H.P. of 4.32 for the doped fuel was obtained for a rate of 
consumption of 2.4 lb. per hr.; the usable C.R. then being 8.4. The I.H.P. 
for the undoped fuel at the same rate of consumption was 1.0 and the usable 
compression ratio 6.21. That is, a power increase of 8% only was obtained on 
increasing the compression ratio from 6.21 to 8.4. 

The same I.H.P., namely 3.9, was obtained for both fuels when the rate of 
consumption was 3.0 lb. per hr. The usable compression ratio for the undoped 
fuel was then 7.06, while the doped fuel was used at a compression ratio of 10, 
which is lower than the usable value which could not be determined because it 
exceeded the measurement limit. 


Section 2 

Discussion oi^ xirit. Experimental Results 

Little if any adverse effect on power would CKCur if the temperature required 
for appreciable surface oxidation were attained late in the combustion pericxi, 
which generally extends beyond top dead center. The required temperature 
would not, for example, be expected during compression in an unsupercharged 
engine at moderate compression ratios with the ingoing mixture raised in 
temfierature solely by the usual induction pipe heating. 

It has, however, been shown by laboratory experiments mentioned earlier 
that a fuel such as pentane doped with iron carbonyl and in rich mixtures with 
air is oxidized to steam and carbon dioxide with high velocity on surfaces at 
temperatures as low as 430®C. Higher temperatures would be expected during 
compression, on surfac'es in the cylinders of supercharged aircraft engines, and 
the experimental results of Section (1) support the view that, even in the C.F.R. 
engine run in A.S.T.M. knock testing conditions, surface temperatures are high 
enough to cause preflame oxidation sufficient for an easily measurable adverse 
effect on power, when rich mixtures containing iron or nickel carbonyl are used. 

The adverse effect on power, coincident with the antiknock effect of the 
metallic dopes in rich mixtures used in the C.F'.R. engine, has been calculated 
from the experimental results of Section ^1), see Tables I, II, and III below. 
The calculations require data for the possible percentage increase in power with 
increase in compression ratio for a nonknocking fuel used at compression ratios 
extending to 10. The data given by the graph of Fig, 6 are from those com- 
piled by Pye (14, p. 49) for compression ratios of from 4 to 8, and have been 
extrapolated to a compression ratio of 10. The assumption is made that per- 
centage increase of power with increase of compression ratio as given by the 
graph of Fig. 6 can be applied generally. 
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TABLE I 


Fuel 5 plus 0.50 cc. iron carbonyl pfr liter 


Rate of fuel 
consumption, 
lb /hr. 

Mixture, 
per cent 
rich 

Increase of 
usable C R. 

Observed 
change of 
IH.P. 

Percentage 
increase 
of I H P. 

Possible 
% increase 
of I.H.P. 

2 10 

18.8 

58 to 6 95 

4 02 to 4 25 

5 72 

|B|| 

2 30 

24 3 

6 07 to 7 9 

4 02 to 4 31 

7 2 


2 50 


6 36 to 8 85 

1 00 to 1 32 

8 0 


2 70 

BSI 

6 65 to 9 8 

3 96 to 4 23 

6 8 


3 00 


7 07 to 4-10 

3 90 to 3 90 

0 0 


3 40 

84 0 

7 57 to 4-10 

3 73 to 3 34 

-10 5 

H 


TABLE II 


Fuel S plus 0 50 cc nickel carbonvi. ppr liter 


Rate of fuel 
consumption, 
lb /hr. 

Mixture, 
per cent 
rich 

Increase of 
usable C R. 

Observed 
change of 

I HP. 

Percentage 
increase 
of I H P. 

Possible 
% increase 
of I H P. 

2 10 

18 8 

5 81 to 6 27 

4 02 to 4 16 

3 5 

3 5 

2 30 

24 3 

6 07 to 6 81 

4 02 to 4 18 

3 97 

4 73 

2 50 

35 0 

6 35 to 7 37 

4 00 to 4 13 

3 25 

6 b3 

2 70 

46 0 

6 65 to 7 90 

3 96 to 4 05 

2 27 

7 87 

3 00 

62 0 

7 07 to 8 50 

3 90 to 3 84 

-1 54 

8 23 

3 40 

84 0 

7 57 to 8 80 

3 73 to 3 41 

-8 6 

6 15 


TABLE III 


Fuil 5 plus I 0 cc nickfl carbonyl pir liter 


Rate of fuel 
consumption, 
lb /hr. 

Mixture, 
per cent 
rich 

Increase of 
usable C R 

Obseived 
change of 

I H P. 

Percentage 

increase 

of I H.P. 

Possible 
% increase 
of I H P. 

2 10 


5 81 to 6 9 

4 02 to 4 27 

6 2 

6 9 

2 30 


6 07 to 7 86 

4 02 to 4 33 

7 7 

11 5 

2 50 

35 0 

6 35 to 8 8 

4 00 to 4 34 

9 2 

14 5 

2 70 

46 0 

6 65 to 9 55 

3 96 to 4 27 

7 8 

16 4 

3 00 

62 0 

7 07 to +10 

3 90 to 4 05 

3 9 

15.2+ 

3 40 

84.0 

7 57 to +10 

3 73 to 3 43 

-8.0 

12 3+ 


Thus, with reference to Table I, for example, maximum power, 4.02 
was obtained over the range of mixture strength, 18.8 to 24.3% rich. On adding 
iron carbonyl in the concentration of 0.60 cc. per liter to the richer mixture, 
usable C.R. could be raised from 6.07 to 7.9. The corresponding increase in 
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I.H.P. taken from the experimental results, Fig. 5, was 7.2%. If, however, the 
fuel had been a nonknocking variety, the increasing of the compression ratio 
from 6.07 to 7.9 would have resulted in an increase of 11.8% in I.H.P. accord- 
ing to the data of Fig. 6. That is, attainment of the higher usable compression 
ratio by the use of metallic antiknock was accompanied by a loss of 4.6% of 
the possible increase in I.H.P. 

The power obtainable when using rich mixtures of undoped fuel may be 
affected adversely by the enhanced tendency of such mixtures to oxidize on 
surfaces in the combustion space of the C.F.R. engine when operated in the 
high temperature conditions of the A.S.T.M. knock testing method. There- 



Fio. 6. The relation between compression ratio and power for a nonknocking fuel used in*the 

Ricardo E 35 engine. 


fore, the experimental results given in this i)aper are regarded as representing 
differences in the adverse effect on power of surface oxidation, between Fuel S 
and the same fuel containing iron or nickel antiknock. 

Mixture strengths given in the tables range from 18.8 to 84% rich. The 
maximum I.H.P., Fuel 5, was constant within the accuracy of measurement 
over the mixture range 19 to 35% rich and at 84% rich it was 6% only, less 
than at 2.8% rich. When an engine is run with the compression ratio fixed, it 
is usually found that power reaches a maximum within the mixture range 10 
to 20% rich and diminishes slowly with'further increase (13, p. 134). It is to 
be noted accordingly that values of I.H.P. given in the tables were obtained 
on increasing compression ratio with increase of mixture strength to maintain 
a standard knock intensity. 

The loss of possible I.H.P. coincident with the antiknock action of the iron 
and nickel carbonyls is shown by differences between the percentages of 
Columns 5 and 6 of the tables. 
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It will be noted by reference to Tables I and II that iron carbonyl in the 
concentration of 0.50 cc. per liter possesses nearly the same antiknock effect 
as nickel carbonyl in double the concentration. It will suffice, therefore, to 
mention the principal features of the experimental results obtained when using 
iron carbonyl. 

The possible loss of power coincident with the antiknock action of iron 
carbonyl in the concentration of 0.50 cc. per liter, Table I, extends from 2 to 
nearly 1 1% as mixture strength is increased from 19% to 46% rich. The loss 
at 62% rich was greater than 15% and at 84% rich it was greater than 22%. 
The full extent of the losses at mixture strength greater than 46% rich could 
not be measured because the compression ratio was then off the scale of the 
engine when the doped fuel was used. 


Concluding Comment 

The principal interest of the experimental results lies in their confirmation 
of the theory, advanced in Part III (8), that the metallic antiknocks act by 
promoting the high temperature surface oxidation of hydrocarbon fuel to steam 
and carbon dioxide, not by inhibiting a homogeneous oxidation reaction by 
breaking reaction chains. 

Acknowledgments 

The experimental work was carried out with the co-operation of Prof. E. A. 
Allcut, Head of the Department of Mechanical Engineering, University of 
Toronto, and Assistant Prof. W. A. Wallace. Dynamometer equipment was 
generously lent by the National Research Council, Montreal Road Laboratory. 
I'he cost was defrayed in part by an Extramural Grant from the Defence 
Research Board (Canada). 


References 

1. Bi« ATTY, H. A. ANi> Edgar, G. In The science of petroleum. Vol. 4, edited by A. E. Dun- 

stan. Oxford Univerbity Press, London, New York, Toronto. 1938. 

2. Callendar, H. L. Engineering, 123 : 147-148, 182-184, 210-212. 1927. 

3. Cai.lendar, II. L., King, R. C., Mardles, E. W. J., Sii rn, W. J., and Fowler, N.R. 

Aeronaut. Research Comm. Repts. & Mem. No. 1062. 1926. 

4. Eger TON, A. C. In The science of Petroleum, Vol. 4, edited by A. E. Dunstan. Oxford 

University Press, London, New York, Toronto. 1938. 

5. Eoerton, a. C. and Gates, S. F. J. Inst. Petroleum Technol. 13 : 281-299. 1927. 

6. King, R. O. Can. J. Research, F, 25 : 326-342. 1947. 

7. King, R. O. Can. J. Research, F, 26 : 36-56. 1948. 

8. King, R. O. Can. J. Research, F, 26 * 125-150. 1948. 

9. King, R. O. Can. J. Research, F, 26 : 228-240. 1948. 

10. King, R. O. Can. J. Research, F, 26 : 426-440. 1948. 

11. King, R. O., Wallace, W. A., and Durand, E. J. Can. J. Research, F, 27 : 211-224. 

1949. 

12. Prettre, M. In The science of petroleum, Vol. 4, edited by A. E. Dunstan. Oxford 

University Press. London, New York, Toronto. 1938. 

13. Pye, D. R. The internal combustion engine, Vol. 1. Oxford University Press, London: 

Humphrey Milford. 1937. 

14. Pye, D. R. The internal combustion engine. Vol. 2. Oxford University Press, London: 
) Humphrey Milford. 1934. 

15. Ubbelohde, A. R. In The science of petroleum. Vof. 4, edited by A. E. Dunstan. 

Oxford University Press, London, New York, Toronto. 1938. 



359 


THE PREPARATION OF QUINOLINES BY A MODIFIED 
SKRAUP REACTION^ 

By Richard H. F. Manske,* Archie E. Ledingham,* and 
Walter R. Ashford® 


Abstract 

It has been found that a modification in the method of brinj^ing together the 
reactants of Skraup’s procedure for synthesizing quinolines results in a marked 
reduction of the violence of the original reaction and in a substantial increase in 
yield of quinoline or substituted quinoline. The ea^ of carrying out the reaction 
IS such tnat it can be utilized safely and economically on a commercial scale. 
Examples of the modified method are given for quinoline, 8-hydroxyquinoline, and 
5-chloro-8-hydroxyquinoline. The method was applied to the Doebner-von Miller 
reaction for the synthesis of 8-hydroxyquinaldine and 5^hloro-8-hydroxyquin- 
aldine with somewhat less improvement than in its application to the Skraup 
reaction. 


Discussion 

Since the date of its discovery, 1880, the Skraup reaction has been the 
subject of many researches, the objects of which were to decrease the violence 
of the reaction and to increase the yields. As originally carried out by Skraup 
(13) for the preparation of quinoline, the reaction consisted in heating together 
one part by weight of aniline with one and one-half parts by weight of sul- 
phuric acid and one or more parts of glycerol to 180® to 190®C. The reaction 
was exceedingly violent in the initial stages and produced a small yield of 
quinoline. The addition of nitrobenzene to the mixture (14) raised the yield 
of quinoline to about 50% based on the aniline used. 

Subsequent modifications in the process have replaced the nitrobenzene by 
inorganic oxidizing agents such as arsenic acid (9), picric acid (8), and calcined 
ferric oxide (1). Recently, the nitrobenzene has been replaced by a small 
quantity of iodine (7), while the violence of the reaction has been moderated 
by the use of such reagents as acetic acid (3) and boric acid (4), both of which 
arc believed to form a compound with the glycerol, thereby controlling the 
amount of free glycerol present in the reaction mixture. Acetylation of the 
amine (10) has been shown to improve the yield and the ease of operation of 
the Skraup process. 

Modifications in the mode of bringing the reactants together such as adding 
the sulphuric acid portionwise (5, 11) have not resulted in eliminating the 
danger of violent reaction and in producing high yields. 

It has been observed that the mode of reacting the original Skraup chemicals 
for the quinoline synthesis is all-important in the matter of control of the vigor 

1 Manuscript received April 23, 1949. 

Contribution from the Research Laboratories, Dominion Rubber Company Limited, Guelph, 
Ontario. 

* Research Director, 

• Research Chemist, 
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of the reaction and in the attainment of high yields. The Skraup reactants, 
namely, glycerol, amine, nitro compound, and sulphuric acid can be mixed 
with temperature control and then maintained at ai\y convenient temperature 
up to 120® C. without appreciable chemical reaction taking place. This premix, 
maintained at a temperature that keeps it fluid (60® to 90®C.), is added in 
portions to a reaction vessel where each is warmed with stirring to 140® to 
170®C. at which temperature the Skraup reaction begins to take place. When 
the entire mixture has been transferred in this manner, it is heated and stirred 
under reflux for four to six hours, the end of the reaction being indicated by 
the disappearance of nitro compound from the reflux liquors. During this time 
the temperature of the mixture under reflux drops to about 127® to 130®C., 
owing primarily to the formation of water. 

With this procedure, there is no tendency for a violent reaction — in fact heat 
must be applied continually to maintain the temperature of reaction (135® to 
140®C.). It is noteworthy, also, that reaction proceeds at a lower temperature 
than when other modifications are employed, providing for a smoother reaction 
and the attainment of higher yields-up to 40% increase. In addition it has 
been possible to use just sufficient nitro compound so that all of it is consumed 
in the reaction and there is no need for the recovery of an unused portion. 

The principal variables in the reaction have been studied and their most 
effective adjustment can be described as follows. 

1. Amounts of Reactants 

The effect of variation in the amounts of glycerol and nitro compound em- 
ployed in relation to the quantity of amine used was studied. In the case of 
quinoline, it was found that a ratio of from 2 to 2.G moles of glycerol to one of 
aniline served to give maximum yields. Lower glycerol-aniline ratios caused 
a decrease in yield. 

For the synthesis of 8-hydroxyquinoline, maximum >ields were obtained 
using a ratio of 3.1 moles of glycerol to 1 mole of c-aminophenol. Oood yields 
were maintained with a ratio of 2,7 to 1, but with lower ratios, the yield dropped 
off. (Table I, Kxpts. 1 to 8.) 

Nitrobenzene or other aromatic nitro compound is used in such quantity as 
to provide sufficient oxidizing power when the nitro body is completely or 
almost completely consumed in the reaction. In the case of quinoline, a ratio 
of 0.535 mole of nitrobenzene to 1 of aniline produced the best yields. Decreasing 
the ratio to 0.38 to 1 caused a large drop in yield, while increasing it to 0.72 
to 1 necessitated the recovery of considerable nitrobenzene. In the case of 
8-hydroxyquinoline, a ratio of 0.5 mole of nitro body to I mole of amine was 
found to be the most desirable (Table I, Kxpts. 9 to 13). However, in the case 
of 5-chloro-8-hydroxyquinoline somewhat less than the 0.5 to 1 ratio for nitro 
compound was found to give excellent yields (Expt. 13, Table I). 

The use of relatively small quantities of ferrous sulphate (FeS 04 . 7 H 20 ) gave 
noticeable improvements in the yields of quinoline as indicated in Expts. 14 to 
16, Table I, and had a beneficial effect upon the smoothness of the reaction. 



TABLE I 

Optimum quantities of reactants for modified skraup reaction 
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Yield 


93 1 

99 1 

99 1 

85 7 

96.5 

96 

103 

% 5 

Gm. 

137 

146 

146 

64 

36 

143 2 

154.4 

36 

X 

B 

364 

364 

364 

157 

79.1 

314 

314 

79 1 

Molar ratio 
(.4) to (C) 

1 :0.54 

1 :0 54 

1 :0 54 

1 :0 5 

1 :0.5 

1 :0.5 

1 :0 5 

1 :0 5 

Nitro 
compound 
(O. gm. 

75 

75 

75 

36 3 

18.2 

72.6 

72 6 

18 2 

Molar ratio 
(A) to (B) 

1:19 

1 :2 1 

1 :2 58 

1:2 1 

1 :2.7 

1 :2 7 

1 :3.1 

1 :3 4 

Glycerol 
(B), gm. 

200 

220 

271 

98 

63 

252 

286 8 

80 5 

Amine 
U), gm. 

Aniline 

106 

Aniline 

106 

Aniline 

106 

0 - Ami no 
phenol 
56 3 

0 - Amino 
phenol 
28 2 
o-Amino 
phenol 
112 6 

0 - Amino 
phenol 
112 

0 -Amino 
phenol 
28 2 

Expt. 

p-«C^C0M< CO 00 
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2. Combination of Reactants to Form the Premix 

The following is the preferred order for combining the reactants. The 
amine and the glycerol were added to the concentrated sulphuric acid in that 
order, with cooling, so that the temperature was maintained at 70® to 90®C., 
the mixture being kept fluid and transferable. The other two reactants, the 
nitro body and ferrous sulphate, were placed in the reaction vessel ready to 
be treated, in portions, with the premix. 

3. Temperatures 

The temperature of the glycerol-sulphuric acid-amine mixture in the case 
of all the quinolines studied could be raised to 120®C. without reaction pro- 
ceeding. In the case of quinoline, the temperature during the portionwise 
addition of the premix was allowed to rise to 100® to 172®C., while during reflux 
the temperature varied from 150®C. at the beginning to about 135®C. at the 
end of the reaction. With substituted quinolines, the temperature rarely 
exceeded 145®C. during the addition of the premix, while during the reflux 
period the temperature gradually dropped to 129® to 131®C. 

4. Rate of Addition of Premix 

The glycerol-sulphuric acid-amine premix was added to the reaction vessel 
at such a rate that the vigor of the reaction produced by each portion had 
subsided before the next portion was added. However, the proc edure descril)ed 
in the paper allows considerable leeway and there is no danger of the violence 
ot the usual Skraup reaction. 

5. Stirring 

It is preferable to stir the mixture in order to get equal distribution of heat 
of reaction. However, stirring is not absolutely essential. 

(). Time oj Reaction 

The reaction was complete in four to five hours of heating and stirring fol- 
lowing the addition of the last portion of the premix. The end of the reaction 
was indicated b> the disappearance of nitro compound from the reflux liquors 

7. Separation of the Product 

111 the preparation of quinoline, the base was recovered from the reaction 
mixture in a good state of purity by a steam distilLition. Pure quinoline was 
obtained by a single distillation. In the case of 8-hvdro\yquinolinc, the pro- 
duct was isolated from the Skraup reaction mixture, following neutralization, 
by (1) steam distillation, (2) filtering oft the precipitate, drying, and separ- 
ating the product by vacuum distillation, or (3) precipitating it as the copper 
(or other metal) salt with control of the pH. 

With substituted quinolines, for example 8-hydroxyquinoline, the difficulty 
is to separate the base from undesirable tarry by-prcxlucts in a cheap, con- 
venient way. To accomplish this, the neutralized Skraup mixture, which con- 
tained the precipitated quinoline and tarry by-products, was treated with suffi- 



364 


CANADIAN JOURNAL OP RESEARCH. VOL. 27, SEC. P. 


cient sulphuric acid to dissolve the base and leave the tarry material largely 
undissolved. The mixture was then stirred at 95® to 100®C. for one-half hour, 
which treatment served to coagulate the tarry material and facilitate its re- 
moval by filtration when the mixture had cooled. This treatment was repeated 
if necessary, but one such procedure usually served to remove 90% of the 
undesired material. The acid filtrate was then treated for removal of the 
8-hydroxyquinoline as the copper salt. 

The pH of the solution has an important effect upon the precipitation of 
8-hydroxyquinoline as the copper salt. According to Prodinger (12) copper 
8-quinolate is not precipitated below pH 2.2, precipitation is incomplete at pH 
2.2. to 2.7, and complete within the range 2.7 to 14. The copper complex pre- 
cipitates over a wider range than that of any other metal. 

The filter cake of copper 8-quinolate normally will contain considerable 
water which is difficult to remove even on long suction under vacuum. It has 
been found best to allow most of this water to escape at a fairly low temper- 
ature in a current of air rather than try to remove it rapidly at a higher temper- 
ature. Thus the filter cake was dried at around 5()°C. in a current of air to 
remove the excess moisture, then pulverized and dried for two hours at 110®C. 
to remove water of crystallization. The cop|)er salt of 8-hydroxyquinoline is 
stable to heat at 100®C. for long periods and to sunlight during long exposure. 

Experimental 

Quinoline 

Freshly distilled aniline (106 gm.) and glycerol (220 gm. U.S.P.) were added, 
in that order, to concentrated sulphuric acid (364 gm.) in a three-liter, three- 
necked, round-bottomed flask with cooling, so that the temj)erature was within 
the range 70® to 90®C. The mixture was then maintained in a fluid state until 
ready for use by placing it on a steam bath. 

The reaction vessel consisted of a three-liter, three-necked, round-bottomed 
flask fitted with a stirrer, thermometer, and reflux condenser. The flask was 
charged with a mixture of freshly distilled nitrobenzene (75 gm.) and ferrous 
sulphate (FeS 04 . 7 H 20 , 10 gm.), which was heated to 100® to 120®C. with stir- 
ring in preparation for receiving the premix of acid, aniline, and glycerol 
described above. 

The premix was then added in about 10 portions to the reaction vessel, 
reaction being allowed to proceed at 160® to 170®C. before each subsequent 
portion was added. When all the premix had been transferred to the reaction 
vessel, the mixture was stirred and refluxed for four hours during which time 
the temperature gradually dropped to 135® to 140®C. 

At the end of the reflux period, the acid mixture was steam distilled to remove 
any unused nitrobenzene, made alkaline with 50% sodium hydroxide solution, 
and steam distilled, the heat of neutralization being sufficient to initiate the 
distillation. The crude product was separated from the aqueous mixture and 
vacuum distilled, b.p. 109®C. (14 mm.). 1.6232. 
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The quinoline produced by this method has a purity of 98 to 99% and con- 
tains 0.2 to 0.8% aniline, 0.2 to 0.8% nitrobenzene and a trace of moisture. 

8-IIydroxyquinoHne 

A premix of reactants was made by treating concentrated sulphuric acid 
(169 cc. 96%) with o-aminophcnol (112.6 gm.) and glycerol (286.8 gm. U.S.P.) 
in that order, with cooling and stirring so that the temperature did not exceed 
80®C. 

(>-Nitrophenol (72.6 gm.) and ferrous sulphate (FeS 04 . 7 H 20 , 10 gm.) were 
added to the reaction vessel as in the case of quinoline and heated to 100® to 
120®C. in readiness to receive portions of the premix. 

The amine-glycerol-acid premix was added to the reaction vessel in about 
10 portions over two hours, reaction being allowed to proceed at 135° to 1 50°C. 
before each subsequent portion was added. The reaction mixture was refluxed 
for another four hours, during which time the temperature dropped to 129° 
to 131°r. 

(a) Separation of Product by Distillation, — The cooled reaction mixture was 
neutralized with sodium hydroxide (250 gm. in 50% solution) with rapid stir- 
ring and addition of pieces of ice so that the temperature did not exceed 40°r. 
This quantity of alkali was sufficient to bring the solution to pH of about 7 
and to cause the precipitation of the hydroxyquinoline, tarry by-products, and 
some inorganic matter. The entire precipitate was filtered off, air-dried at 
50° to 60°C., introduced into a distilling flask with a short Vigreux column, 
warmed under vacuum to melt the 8-hy'dro\y quinoline (m.p. 76°C.) and then 
distilled in vacuo. Residual water was first removed and then the 8-hvdrox\- 
quinoline collected at 95° to 105°r. (3 mm.) (100° to 110°C. (5 mm.)). The 
product from such a run weighed 143.2 gm. (the theoretical yield based on 
amine used is 149.8 gm.) and consisted of a white solid melting at 71° to 75°C.* 
The hydrochloride, consisting ot yellow needles, melted at 234° to 235°C. after 
rccrystallization from methanol-ether. Calc, for CgHTNO.HCl; C, 59.5; H, 
1.11. Found: C, 59.64; H, 4.48. 

(ft) Separation of Product as the Copper Salt. The reaction mixture was neu- 
tnilizcd as before. This caused the precipitation of the free quinoline plus 
a quantity of undesirable tarry by-products. Sufficient concentrated sulphuric 
acid in 25% solution (12 cc. concentrated sulphuric acid) was added to the 
mixture to dissolve the hy^droxyquinoline. This left the tarry material largely'* 
undissolved. The mixture was stirred at 95° to 100°C. for 0.5 hr., which treat- 
ment served to coagulate the tarry material and facilitated its removal by 
filtration from the cooled mixture. The amber-colored filtrate had a pH of 
1.5 to 2.5 and was treated with copper sulphate (130 gm. CUSO 4 . 5 H 2 O) in 25% 
solution. This caused a further lowering of the pH. The addition of sodium 
hydroxide (90 gm.) in 50% solution precipitated the copper salt quantitatively’ 

* Melting points are corrected. 
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from the mixture as a bright green water-insoluble material. It was filtered 
immediately from the warm solution and washed thoroughly with water to 
remove inorganic material. The yield of material dried at 110®C. for two 
hours, after a preliminary drying at 50°C. in a current of air and grinding to a 
powder, was 190 gm. of 90 to 95% purity. The copper present in the copper 
8-quinolate was determined gravimetrically by the method of Berg (2), which 
consisted of igniting a sample of the copper salt cautiously to cupric oxide in 
the presence of oxalic acid. 

5 - Chloro-8-hyd roxy quinoline 

The method employed for this substituted quinoline was similar to that 
described for 8-hydroxyquinoline above. The 4-chloro-(7-aminophenol used 
was obtained by the reduction of 4-chloro-2-nitrophenol over Raney nickel in 
methanol, which reduction proceeded quantitatively at 50 lb. f)ressure of 
hydrogen and a temperature of (iO® in two to three hours. 'Fhe 4-chloro-o- 
aminophenol was isolated from the methanolic solution as the sulphate salt 
after filtering off the nickel catalyst, treating with the required quantity of 
sulphuric acid in methanol, and concentrating to dryness. 

The modified Skraup was carried out as described above using 4-chloro-o- 
aminophenol sulphate (192.5 gm., I mole) concentrated sulphuric acid (L39 cc., 
glycerol (290 gm., U.S.P.), l-chloro-2-nitrophenol (86.75 gm., 0.5 mole) 
and ferrous sulphate (FeS04.7H20, 10 gm.). The heating period, following 
addition of the premix to the reaction flask, was 6.5 hr., the initial temperature 
being 140° to 150°C. and the final temperature of reflux, 127°r. The com- 
pleted reaction mixture was steam distilled to remove 7 gm. of unreacted 4- 
chloro-2-nitrophenol (Table I, Kxpt. No. 13). 

The steam distillation residue was neutralized with 50% sodium hydroxide 
solution and then made faintly alkaline with sexlium carbonate, whereupon 
the substituted quinoline sef)arated as the free base. The filtered, dried product 
weighing 248 gm. was dissolved in 5 liters of alcohol and the solution filtered 
to remove some insoluble black material. The total quantity of by-product 
tarry material from the reaction was 73 gm. The alcoholic solution was treated 
with charcoal, boiled, filtered, and concentrated to cause separation of the 
product as a yellowish -brown crystalline material, weight 196 gm. Yield, 109% 
based on 4-chloro-2-nitrophenol used for corresponding amine, m.p. 127.5° to 
128.5°C. Previously reported values, 130°C. (15), 122° to 123°r. (6). The 
picrate, consisting of fine yellow needles, recrystallized from methanol melted 
at 214° to 215°C. Calc, for C^HeON.Cl. C6H3O7N3; C, 14.06; H, 2.2. Found: 
C, 44.21 ; H, 2.26. 

8‘IIydroxyquinaIdine 

The modified procedure for Skraup’s quinoline synthesis, the subject of this 
paper, was applied to the preparation of 8-hydroxyquinaldine but the yields 
obtained were no better than when the usual method involving crotonaldehyde 
was employed. The method follows. 
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o-Aminophenol (110 gm., 1 mole) was added slowly to dilute sulphuric acid 
(500 cc., 32%), dissolved, and cooled. Crotonaldehydc (106 gm., 1.5 moles) 
was then added to the mixture with cooling, so that the temperature did not 
exceed 30®C. This mixturfe was run into a flask containing o-nitrophenol (70 
gm.) over a period of three hours with the temperature at 95® to 100®C. The 
entire reaction mixture was then stirred for an hour longer at 105®C. Steam 
distillation of the acid reaction mixture gave 40.5 gm. of unchanged o-nitro- 
phenol and caused the separation of about 75 gm. of tarry material from the 
steam residue. The acid liquor was filtered, made neutral with sodium 
hydroxide, and then slightly alkaline with sodium carbonate, whereupon the 
product separated as an orange-brown solid. It was taken up in chloroform, 
dried, filtered, concentrated, and distilled in vacuo. Almost the entire mass 
of residue came over at 105® to 110®C. (3 mm.) as a colorless to yellow oil. 
Yield, 111.3 gm. or 70% based upon amine used. On cooling, the product 
consisted of yellow needles and after recrystallization from methanol melted 
at 228® to 229®r. (decomp.). C^alc. for C,oH 9 NO.C 6 H 307 N.i: N, 14.43%. 
round: N, 14.42%. 

5-Chloro-8-hydroxyquinaldine 

'I'he above method was applied to the preparation of 5-chloro-8-hydroxy- 
quinaldine but low yields were obtained. The following reactants were used: 
4-chloro-(?-aminophenol sulphate (77 gm., 0.4 mole), 4-chloro-2-nitrophenol 
(34.7 gm., 0.2 mole), dilute sulphuric acid (188 cc., 30%), and crotonaldehydc 
(42 gm., 0.0 mole). 'Fhe mixture was heated at 90® for 1.5 hr. following addition 
of reactants and then for a further 1.75 hr. at 100® to 105®C. On steam dis- 
tillation 24 gm. of l-chloro-(?-nitrophenol was obtained. Separation as described 
above followed by distillation yielded 20 gm. of prcxluct boiling at 110® to 
120®(\ (3 mm.). Theoretical yield based on amine is 77.4 gm. Yield, 25.8%, 
ni.p. 09® to 71®(\ 'Fhe picrate, from methanol, dried at 100®('. for two hours 
melted at 211® to 212®(\ (ale. for CioHsNOC^l.C'eHsOyXa; N, 13.25% 
Found: N, 13.31%,. 
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FOLAROGRAPHIC DETERMINATION OF THE GAMMA ISOMER 
OF BENZENEHEXAGHLORIDE IN INSECTICIDES AND SOIL‘ 

i I 

By H. Grass^ and E. Y. Spencer* 


Abstract 

A precise and simple method for the determination of the gamma isomer of ben- 
zenehexachloride in commercial insecticides and soil by the dropping mcrciir>' elec- 
trode is outlined. A satisfactory supporting electrolyte consisted of 1 % potassium 
iodide and a trace of gelatin in ethanol. 


Introduction 

The discovery of the activity of the gamma isomer of benzenehexachloride 
as an effective insecticide has intensified the need for the development of a 
simple, rapid, and precise method for its determination. Biological, infrared 
(2), cryoscopic (1), and partition chromatographic (1) methods have been 
utilized but arc either very time-consuming or require expensive equipment. 
In recent polarographic studies it was found that only the gamma isomer was 
reducible at the dropping mercury electrode, and determinations based on this 
observation have been described (3, 4). The method to be outlined here is 
less complicated and more satisfactory than the one described by Dragt (3). 
The modified procedure gave accurate results for estimation of the gamma 
isomer in synthetic mixtures and in commercial preparations with a variety of 
carriers and diluents and it also provided a means of estimating recovery from 
the soil. 


Method and Materials 

The liquid medium found most suitable to dissolve the benzenehexachloride, 
the maxima eliminator, and the supporting electrolyte was a 50% solution of 
ethanol. Methyl red, starch, and gelatin were investigated as maxima sup- 
pressors, and, of these, gelatin even in concentrations as low as 0.005% proved 
the best. 

Three indifferent electrolytes were examined; potassium chloride, bromide, 
and iodide. The first two were not satisfactory, whereas potassium iodide in 
a concentration of 1% was found to be suitable. Thus the supporting elec- 
trolyte consisted of a 50% ethanol solution containing 1% potassium iotlide 
and a few grains of gelatin. 

* Manuscript received May S, 1949, 
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The diffusion current was proportional to the gamma isomer in the concen- 
tration range 10“* to 10“* molar. Below this concentration the accuracy was 
low, while above it the values started to deviate from linearity. The range 
found most satisfactory for quantitative determination was between 0.005 
and 0.004%. 

A cell was constructed that consisted of two compartments, one a calomel 
electrode connected to the other by means of a salt bridge composed of a fused 
glass plug and an agar gel saturated with potassium chloride. The other half 
of the cell contained the test solution into which dipped the capillary. Another 
capillary was sealed to the bottom of this cell through which hydrogen or 
nitrogen was passed and through which the test solution was drawn at the end 
of a determination. The temperature of the cell was maintained at 25 ± 0.25®r. 
in a water bath. A mercury head of 45 cm. was used while the readings were 
made with a Sargent model XII instrument. 

A sample of suitable size to give a concentration of the gamma isomer within 
the desired range was dissolved or suspended in the supporting electrolyte. 
An aliquot of the solution or supernatant liquid was added to the cell, and 
nitrogen or hydrogen was bubbled through for 20 min. The flow of gas was 
then stopped and the mercury allowed to start dropping, to prevent plug- 
ging of the tip during immersion. 'Fhe capillary was then lowered into the 
solution. (A rubber dam surrounding it covered the mouth of the cell and 
thus excluded oxygen.) This was followed by raising the mercury reservoir 
to the 45 cm. mark. 

1 wo volts, as read on the voltmeter, was tlien applied to the system and 
the current was measured over the range —0.4 to —1.9 v. The current was 
plotted as an average of ‘the galvanometer oscillations, the wave height mea- 
sured, and the concentration determined from the calibration curve. The 
calil)ration was carried out with known concentrations of the pure gamma 
isomer by plotting the wave heights against the gamma isomer concentration. 
Since impurities in the various romix)unds tested increased the residual current 
b> varying amounts, the whole curve had to be plotted for each sample and the 
wave height determined by the tangent-intercept method. 

riic samples assayed that contained the gamma isomer included crude 
benzenehexachloride containing all the isomers, synthetic mixtures, and com- 
mercial preparations with a talc base or added mercury compounds. 

The soil samples were extracted with three successive portions of ether, the 
solvent was evaporated, and the residue dispersed or dissolved in a suitable 
amount of the supporting electrolyte. 

Results and Discussion 

The half-wave potential was found to be —1.36 v. and the wave appeared 
between —0.8 and —1.8 v., all versus the saturated calomel electrode. The 
dropping mercury electrode possessed an m value of 1.39 mgm. per sec. The 
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drop time was 3.9 sec. at — 1.8 v. and 3.8 sec. at — 1.0 v. with 0.025% gamma 
isomer in the electrolyte employed. 

Results obtained, using a sensitivity of 50 over a concentration range of 0.04 
to 0.01 gm. per 100 ml., are shown in Table I. 


TABLE I 


Wave height variation with gamma isomer concentration 


Concentration 
gamma isomer, % 

Wave height in divisions of 
galvanometer deflection 

Solution 1 

Solution 2 

0 040 

52 50 

51 

50 

0 035 

45 44 

44 5 

44 5 

o.aso 

37 5 38 

39 

38 

0.025 

31 5 30 

31 

31 

0 020 

25 24 5 

26 

25 

0 015 

20 19 


19.5 

0.010 

11 12 

13 

12 


It was found that the other isomers in the crude material, talc, or mercury 
compounds that arc added to some commercial products had no effect on the 
wave height for the gamma isomer. In the concentration range 10""* to 10""^ 
molar an accuracy of approximately db 0.5% was obtained. This required 
averaging several polarographs in order to reduce inaixuracy in plotting, mea- 
suring, and averaging galvanometer deflections. A commercial talc base pre- 
paration stated to contain 25% of the gamma isomer assa\ed 24.0% by the 
above method. 

A soil sample that was taken from a plot that l)ad been treated the previous 
season with gamma isomer at a concentration of 10 lb. |)er acre and a control 
sample yielded ether extracts that gave no indication of the presence of any 
gamma isomer. On the other hand a 25% recovery of the gamma isomer was 
obtained from a soil sample to which gamma isomer had just been added at 
the same concentration as to the field sample. 

The absence of any gamma isomer in the field sample is not surprising since 
benzenehexachloride is known to be hydrolyzed, particularly in an alkaline 
medium and in soils. Recovery of only one-quarter of the recently added 
isomer is probably due to its partial adsorption. Greater recovery might be 
obtained by prolonged extration. However, of significance was the fact that 
considerable of the gamma isomer could be recovered in the ether extract 
and determined with no interference from the other ether-soluble material. 
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THE EFFECT OF ADDED WATER AND ANTIOXIDANTS 
ON THE KEEPING QUALITY OF LARD^ 

By H. J. Lips® 


Abstract 


Moisture alone had little detrimental elfect on lard storage life (time at <K)° F. 
to attain a peroxide oxvgen value of 10 ml of 0 002 N thiosulphate per gm ) 
except at the highest levels of incorporation (up to 12 8%), but citric acid, 
lecithin, and alpha-tocopherol had more stabilizing action in dry lard than in 
lard containing water. Gum guaiac gave the greatest increase in storaj^ life 
and citric acid the least 'Ihe stabilization varied with the original quality ot 
the lards tested (two wet rendered, two drv rendered, and two composite lards) 
but no segregation of the results according to wet and dry rendering of these 
lards was possible 


Introduction 

The presence of water in fat tends to increase enzymic and microbial 
changes and ma> affect oxidative deterioration. In the few investigations of 
the direct action of water on fat oxidation various results have been reported. 
With butterfat a small (unstated) concentration of added water had no effect 
(3), 4% water extended the induction j^eriod (9), and 16% water accelerated 
oxidation in one study (11) but had no effect in another (19). The addition 
of small amounts of water to dried lard did not change its stability (6). The 
induction j:)eriod of vegetable oils was reduced by treatment with boiling water, 
presumably because natural antioxidants were destroyed (18). In systems 
containing constituents other than fat, water may act indirectly as an anti- 
oxidant by increasing the stabilizing action of water-soluble substances, or by 
stimulating microbial growth which may produce a condition unfavorable for 
oxidation of the fat (12, p. 184). In the wet rendering of lard, it is important 
to exclude tankage water, which carries food for bacteria. Water may destroy 
the activity of stabilizers for dry fats (12, p. 174), or increase the activity of 
certain antio.xidants (15). Because of the limited information available it 
was considered of interest to study the effect of moisture on fat oxidation, 
using as experimental materials Canadian lard and the antioxidants per- 
mitted for use in Canada. 

^Manuscript received June 18, 1940, 
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Materials and Methods 

To investigate the effect of water on the stability of representative lards 
produced in Canada, 75-lb. batches of two wet rendered lards (^4 and B) and 
two dry rendered lards (C and D), free of added antioxidants, were obtained 
from four plants. These were selected on the basis of a previous survey (14) 
to secure both poor {A and C) and fair {B and D) samples of each of the two 
types. Two mixtures {E and F), each containing several wet and dry rendered 
lards, were also used as test materials. 

Preparation of Storage Samples 

Preliminary experiments indicated that all the water in 3000 to 3500 gm. 
lots of commercial lard (about 0.1% moisture) could be removed by heating 
under vacuum in a boiling water bath, with continuous agitation, for three 
hours. The lard was considered dry if a 2 gm. sample remained constant in 
weight when heated in a vacuum oven for two hours at 122® F. (1). 

Preliminary work also demonstrated that an emulsion of water in lard 
('ontaining up to 12% water was stable when chilled and then brought to 
room tem|)erature, but above this moisture level there was some separation 
of water. Incorporating water by beating or stirring solid or liquid lard 
was a lengthy procedure and it was difficult to obtain a uniform mix. Two 
types of colloid mills were unsuitable for this purpose because the lard was 
heated too drastically during the milling process. Finally, a Waring Blendor 
was found to produce a reasonably stable emulsion without excessive tem[)era- 
ture rise, when components initially at room temperature were blended for 
five minutes and then cooled immediately at 25® F. C ooling at lower tem- 
peratures caused separation of some of the added water. 

The following procedure for preparation of samples was adopted. Melted, 
dry lard (500 gm.) was weighed into Waring Blendor jars and measured 
amounts of redistilled water added. The lard was allowed to become semi- 
solid at room temperature before blending to minimize loss of water by 
evaporation and to produce a tighter emulsion. The Blendor assembly was 
placed under a bell jar, the internal atmosphere replaced with tank nitrogen, 
and the mixture blended for five minutes. The emulsion was immediately 
transferred t6 a scaled quart container, and held at 25® F. until needed. The 
above method was termed Blending Procedure I and was used for all experi- 
ments with the individual wet and dry rendered lards. To provide uniformly 
processed test material, samples containing zero moisture were also given the 
blending treatment. 

With the composite lards the blending procedure was altered (Blending 
Procedure II). The lard was filtered, before processing, in a Seitz filter 
(K-2 paper) to remove suspended material that might encourage growth of 
micro-organisms. All blending was done in a 40® F. constant temperature 
room. Waring Blendors were run in air rather than in nitrogen, and the 
blended samples were chilled at 30® F., instead of at 25® F. This second 
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procedure appeared to be more satisfactory than the first and duplicate tests 
on stability of the processed materials checked more closely. 

The effect of the presence of water on the activity of antioxidants repre- 
sentative of those permitted for use in lard by the Canadian Food and Drugs 
Act (1947) was investigated. (The stabilizers listed in Table III were tested 
in all six experimental lards, which were adjusted to zero and 1.5 or 1.0% 
moisture. Some of the antioxidant concentrations (0.5%) were higher than 
would be used in actual practice: the Act permits the addition of only 0.2% 
of stabilizing materials, either singly or in combination; moreover, 0.5% gum 
guaiac or lecithin gives a marked increase in lard color and affects flavor 
adversely. However, it was considered desirable for comparative purposes 
to use the larger quantities in initial tests. Citric acid and alpha-tocopherol 
were used at several levels; low optimum concentrations for these antioxidants 
have been noted (13). The water content of the wet lard was chosen to be 
definitely higher than that encountered in commercial lard (less than 1%), 
but not so high as to facilitate the growth of micro-organisms. Antioxidants 
were added prior to blending. 

All samples were stored at 90® F., to ai)proximate severe shelf storage 
conditions, and to permit fairly rapid deterioration of the lard while main- 
taining it in an emulsified state. At each sampling the contents of each jar 
was stirred thoroughly with a stout glass rcxl and approximately 10 gm. 
removed and placed in a sealed container, which was held at —40® F. until 
chemical measurements could be made. 

Measuremenh 

Determination of moisture by the vacuum oven method (1) was impractical 
at moisture contents higher than 1% because of spattering and the lengthy 
heating required. The higher moisture values were therefore calculated from 
measurements of the saponification numbers of the lard samples (1). 

There was some doubt as to the suitability of different assessments of 
rancidity, since the effect of high water levels on the chemical tests was not 
known. Peroxide oxygen and alpha-dicarbonyl values were determined, since 
these were known to be useful estimates of oxidative spoilage and to be highly 
correlated with organoleptic ratings (7). Free fatty acid content was also 
measured, since added water above 3% might increase hydrolytic spoilage by 
micro-organisms (5). The following changes in the usual methods (7) were 
made: for the peroxide oxygen procedure, an accurately weighed 1 gm. 
(=b 0.05 gm.) sample was used; and for the alpha-dicarbonyl measurement, 
the test solution was filtered through a Whatman No. 40 paper before the 
colorimetric reading was taken. 

Samplings were made at two- or three-week intervals. Storage life was 
estimated as the time in weeks at 90® F. for the lard to attain a peroxide 
oxygen value of 10 ml. of 0.002 N sodium thiosulphate per gm. (7). The 
statistical significance of these keeping times was assessed by analyses of 
variance. 
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Results 

Effect of Moisture Content 

In a preliminary experiment, single samples of the four selected lards {A, 
B, C, and D) prepared by Blending Procedure I to contain 0, 1.5, 3, 6, and 12% 
moisture were stored at 90® F. Contrary to expectations, there was no 
marked increase in free fatty acid content of any of the samples. A count 


TABLE I 

Effect of different moisture levels on the storage life 

OF SELKCIED LARDS AT 90® F. 


(Blending Procedure I, under nitrogen) 


Water content, % 

Storage life, weeks at 90® F. 

Wet rendered 

Dry rendered 

Average 

Lard A 

I^rd B 

Lard C 

LardD 

Untreated (0.1) 

l.l 

5.4 


3.9 

3.4. 

0.0 

0.7 

5.1 


3.8 

3.3 

0.75 

1.9 

4.2 

4.0 


3.1 

1.5 


5.2 

2.1 

3.8 

3.4 

3.0 


5.4 

3.0 

4.0 

3.7 

6.0 

1.3 

3.3 

2.0 

2.2 

2.2 

12.0 

0.2 

2.8 

2.6 

2.6 


Average 

1.4 

4.5 

2.9 

3.2 



Necessary differences {5% level of statistical significance): 
between averages for different lards, 0.8 week; 
between averages for different moisture levels, 1.0 week. 


TABLE II 

Effect of different moisture levels on the storage life 
OF composite lards at 90® F. 


(Blending Procedure II, under air) 


Water content, % 

Storage life, weeks at 90® F. 

• 

Lard E 

' Urd F 

Average 

0.0 

WB2M 

3.3 

3.9 

0.2 


2.5 

3.7 

0.4 


2.9 

3.6 

0.8 


3.3 

3.6 

1.6 


3.2 

3.1 

3.2 

4.8 

2.9 

3.9 

6.4 

4.5 

3.8 

4.2 

12.8 

2.6 

1.8 

2.2 

Average 

4.0 

3.0 



Necessary differences {6% level of statistical significance): 
between averages for different lards, 0,6 week; 
between averages for d^erent moisture levels, 1.2 weeks. 
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for micro-organisms showed less than 10 per ml. in representative samples 
after 10 weeks’ storage. Peroxide oxygen and alpha-dicarbonyl values in- 
creased in a fairly regular manner to give induction-type curves, and values 
for these two tests were closely correlated (r = .96), in agreement with previous 
findings (7). This trial indicated that spoilage might be followed by deter- 
mination of peroxide values only, that low moisture levels should be more 
carefully examined, and that duplicate samples should be prepared for each 
moisture level. 

In a more comprehensive experiment with the same materials, using the 
same blending technique (I), moisture contents of 0, 0.75, 1.5, 3, 6, and 12% 
were studied. The storage results indicated a significant reduction in keeping 
quality at moisture values of 6 and 12% (Table 1). All the lards appeared 
to react to incorporated water in a similar manner, although they differed 
in initial stability. 


TABLE III 

Effect of differeni antioxidants on the siorage life 
OF selected lards at 90® F. 


(Blending Procedure I, under nitrogen) 




Storage life, weeks at 90 

®F. 

Sample treatment 

Wet rendered 

Dry rendered 



Lard A 

LardB 

Lard C 

Urd D 

Average 

Antioxidants in dry lard 






(zero moisture) : 

None* 

0.7 

5.4 

3.3 

3.8 


0.006% citric acid 

0.9 

7.3 

2.0 

5.4 


0.05% citric acid 

2.3 

9.7 

2.3 

43 


0.5% citric acid 

0 5% gum guaiac* 

0.5% lecithin* 

1.8 

12.9 

2.8 

12.6 

9.0 

44.0 

44+ 

44+ 

44+ 


112 

31.0 

24.3 

28.4 


0.05% alpha-tocopherol 
0.5% alpha-tocopherol 

12.7 

18.4 

135 

18.0 


1C.3 

9.9 

133 

13.3 


Antioxidants in wet lard 






(1.5% moisture): 






None* 

25 

5.2 

2.1 

3.8 


0.005% citric acid 

1.8 

6.9 

3.4 

3.4 


0.05% citric acid 

1.3 

6.5 

3.3 

1.3 


0.6% citric acid 

0.5% gum guaiac* 
0.6%lecithin** 

2.0 

6.6 

3.8 

38 

6.1 

44 -f- 

44+ 

44+ 

44+ 


0.05% alpha-tocopherol 

7.2 

12.9 

10.4 

12.9 

* 

0.5% alpna-tocopnerol 

9.1 

9,3 

8.2 

10.8 


Average 

5.5 

10.0 

6.3 

8.9 



Necessary differences (5% level of statistical significance): 
between averages for wet and dry lards, 1,0 week; 
between averages for different lards, 1.4 weeks; 
between any /wo samides, 4>^ weeks. 

*Not included in cakutations. 

** Contained visible mold growth at later storage periods, hence tr^e storage life could not be estimated. 
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With the two composite lards {E and F), using the revised blending pro- 
cedure (II), the effect of added water was tested at 0, 0.2, 0.8, 1.6, 3.2, 6.4, 
and 12.6%. The results, shown in Table II, were similar to those of the 
preceding experiment, except that only the 12% moisture level caused a 
significant reduction of storage life. 

Effect of Antioxidants 

Keeping times for selected lards containing antioxidants are shown in 
Table III. Samples containing 0.5% gum guaiac were very stable and peroxide 

TABLE IV 

Ei-fi'Ci of different antioxidants on the storage life 

Of- COMPOSITE LARDS AT 90® F. 


(Blending Procedure II, under air) 



Storage life, wt'eks at 90° F. 


5wmplc treatment 

Lard E 

Lard F 

Average 

Grand average 

Antioxidants in dry lard 
(zero moisture): 

None* 

4 5 

3.3 

3.9 


0.02% citric acid 

6.5 

6.1 

65 


0.2% citric acid 

11.9 

8.2 

10.1 


0.02% gum guaiac 

0.2% gum guaiac* 

M.4 

17.9 

23.7 


39+ 

33.9 

- 

12.7 

0.02% lecithin 

8.8 

5.4 

7.1 


0.2% lecithin 

13.7 


12.2 


0.02% alpha-tocopherol 
0.2% alpha-tocophei ol 

18.9 


16.8 


16 2 


13.0 


Antio.xidants in >^et lard 
(1.6% moisture): 

None* 

3.0 


! 3.1 


0.02% citric a< id 

0.4 

3.6 

50 


0.2% citric acid 

0 1 

3.4 

4.8 


0.02% gum guaiac 

0.2% gum guaiac* 

0.02% lecithin 

30.1 

17.2 

23.7 


394- 

394- 


8.7 

5.9 


4.6 


0.2% lecithin 

0.02% alpha-tocopherol 

8,2 


6.3 


11.7 

9.1 

10.4 


0.2% alpha-tocopherol 

9.0 

6.7 

! 


Average 

13.0 

8.6 

\ 



Necessary differences (S% level of statistical significance): 
between ax^erages for different lards, 1.1 weeks; 
between grand averages for wet and dry lards, 1.1 weeks; 
between averages for sample treatments, 2.0 weeks, 

*Not included in calculations. 


determinations were not continued to the limiting value. Wet lard (1.5% 
moisture) with 0.5% lecithin gave erratic results and contained visible molds 
at the later samplings. Hence some of the values could not be estimated. 

With incorporated antioxidants, all four lards kept better at zero moisture 
than at 1.5% moisture (Table III). Over all antioxidant treatments, the 
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average storage life of lards B and D was longer than that of A and C. On 
the whole, alpha-tocopherol gave longer life than citric acid, particularly in 
dry lard; the difference in effectiveness was greatest in the most unstable 
lard (lard A) and least in the most stable lard (lard B). Better results were 
obtained from 0.05% than from 0.5% of alpha-tocopherol in the better lards 
(B and D) but not in the poorer lards {A and C). No significant difference 
in the results from the three levels of citric acid was demonstrable, although 
there was some indication that cntric acid was more effective at the higher 
concentrations in the better (dry) lards. Gum guaiac was the most effective 
antioxidant at the 0.5% level, with lecithin next (for dry lard). No consistent 
difference in the results associated with wet or dry rendering of the lards was 
detectable. 

In further experiments to test the relative effectiveness of the above stabi- 
lizers in composite lards, the results (Table IV) were confirmatory of the earlier 
experiments. Analysis of variance of the data indicated that, on the average, 
the two lards differed significantly in storage life, and that the deh^'drated 
samples of both lards kept better than the ones with added moisture. The 
experiment did not demonstrate any significant difference between the two 
lards in their response to the antioxidants. The storage life of both lards 
was definitely prolonged by gum guaiac and alpha-tocopherol, both of which 
gave a longer storage life than citric acid or lecithin. A somewhat longer 
storage life resulted from the higher of the two concentrations of citric acid 
and lecithin tested, whereas with alpha-tocopherol the lower concentration 
gave the longer storage life. 

Conclusions and Discussion 

The results emphasize the importance of the nature of the substrate and 
the concentration of the addend in lard stabilization. Water alone reduced 
the storage life of lard only at the higher moisture levels (fi and 12%), but the 
added stabilizers were more effective in dry lard than in lard containing 
about 1.5% added water, with the exception of gum guaiac, which behaved 
similarly in the presence or absence of water. At the 0.5% level, lecithin 
was more effective than alpha-tocopherol, but at the lower concentrations 
the reverse was true. Alpha-tocopherol showed a low optimum concentration 
effect, which tended to be obscured with the lards of poorer initial qualitx . 
Citric acid, on the other hand, appeared to be more effective at the higher 
levels of incorporation in the better (dry) lards, but exhibited no concen- 
tration effects in the presence of moisture. The stabilization imparted by 
gum guaiac and lecithin increased with the amount added. Gum guaiac 
appeared to be the most generally effective antioxidant permitted for use in 
Canadian lard by the Food and Drugs Act (1947). 

The results for the effect of water alone at small concentrations, and for the 
relative activities of citric acid and gum guaiac in the presence and absence 
of water are in agreement with earlier findings (6, 8, 10). Optimum concen- 
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trations for citric acid, lecithin, and alpha-tocophcrol have also received earlier 
study (2, 13, 17). The action of water on the stabilizing power of lecithin 
and alpha-tocopherol has apparently not been specifically examined heretofore. 

Since gum guaiac and alpha-tocopherol are both phenolic in nature, it 
might be expected that the antioxidant activity of both materials would be 
reduced in the presence of water (12, p. 174). The undiminished effect of 
gum guaiac in lard containing water may be ascribed to the complex nature 
of the guaiac resin: reduction in potency of the contained phenols by water 
may be offset by hydrolysis of inactive ester or oxy groups to more active 
structures (17). 

As the stabilizing action of citric acid was reduced by water, this action 
apparently does not depend on ionization. If citric acid is considered as a 
synergist only, dependent for its activity on traces of naturally occurring 
phenolic antioxidants (17), its lessened activity in the presence of water may 
be due in turn to the lessened activity of these phenolic compounds in the 
presence of water. This is supported by the report that the chief naturally 
occurring antioxidants in lard are tocophcrols (4; 16, p. 18). 

The most satisfactory methcxl of preparing a stable, dehydrated butter oil 
was found to be one that ensured the transfer of a high phosphatide content 
from the serum to the fat (5). Consequently, the reduction in antioxidant 
activity of lecithin in the presence of water may be due to a reversal of this 
effect; i.e., transfer of phosphatide to the aqueous phase. 

The most evident demonstration of an optimum antioxidant concentration 
occurred with alpha-t(X'opherol. With both lecithin and alpha- tocopherol 
excess amounts are detrimental because these materials are vulnerable to 
oxidation, and their oxidation prcxlucts accelerate spoilage of the fat (16, 
p. 19; 17). 1'he optimum concentration of alpha-tocophcrol was higher with 
the poorer lards presumably because these initially contained more pro- 
oxidant materials that destroyed more of the added antioxidant. The opti- 
mum concentration of citric acid may be related to its synergistic action (17); 
addition of further citric acid after maximum synergistic effect was obtained 
would be useless. 
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A COMPARATIVE STUDY OF TEN ELECTRICAL METERS 
FOR DETERMINING MOISTURE CONTENT OF WHEATS 

I. HlynkaS V. Martens*, and J. A. Anderson* 

Abstract 

Ten electrical moisture meters were tested with 159 samples of Canadian hard 
red spring wheat, of Grades 1, 2, 3, and 4 Northern, representing a moisture range 
of 11 to 17%. The two-stage vacuum oven and Brown-Duvel methods were 
used as bases of comparison. Regression equations, standard errors of estimate, 
and data on temperature effects are reported. The standard error of estimate 
of vacuum oven results was 0.15% for the Brown-Duvel method, 0.23% for the 
Tag-Heppenstall meter, and 0.28% for the Universal meter. Other meters had 
higher errors of estimate. 

In 1934, four electrical meters for determining the moisture content of grain 
uere studied in this laboratory (2, 3, 4). Of these, the motor-operated Tag- 
Heppenstall meter was found to be the most accurate and has since been used 
in the Inspection Branch of the Board of Grain Commissioners for preliminary 
tests of moisture content. The results are accepted for samples having 
moisture contents 0.3% below the maximum limit for straight grades. In 
normal years about 90% of all samples enter this category. The remaining 
samples are retested by the Brown-Duvel oil-distillation method and are 
graded straight, tough, or damp, in accordance with the results of this test. 

Since 1934, and particularly within the last two or three years, a number of 
new meters have been placed on the market. The possibility that one or more 
of these might prove useful at some stage of the grain marketing process in 
Canada merited investigation. Accordingly, through the courtesy of the 
manufacturers, which is gratefully acknowledged, models of the meters were 
borrowed for the study reported in this paper. Names, manufacturers, and 
countries of origin of the meters, are listed below: 

Name Manufacturer Country 

Universal Moisture Tester R. H. Nichols Ltd., ('anada 

Model 4A No. 59 Toronto 

G.R.L. Moisture Meter Grain Research Laboratory, Canada 

Winnipeg. 

Tag-Heppenstall Moisture C. J. Tagliabue Corporation, United States 

Meter S-3604 (N.J.), Newark, N.J. 

Tag-Dielectric Moisture C. J. Tagliabue Corporation United States 

Meter S-Cm-202 (N.J.), Newark, N.J. 

1 Manuscript received June 11, 1949, 

Published as Paper No. 98 of the Grain Research Laboratory, Board of Grain Commis* 
Stoners for Canada, Winnipeg, Manitoba, and No. 271 of the Associate Committee on Grain 
Research. 

* Chemist. 

• Senior Technician. 

^ Chief Chemist. 



HLYNKA ET AL : STVDY OP ELECTRICAL MOISlURh METERS 


383 


Patterson Moisture Meter 
Type lOOA S-4 

C. J. Patterson Company, 
Kansas City, Mo. 

United States 

Steinlite Moisture Meter 
S-9894 

Fred Stein Laboratories, 
Atchison, Kansas. 

United States 

Mullard Moisture Meter 
Type E910 No. RT-279 

Mullard Electronic Products 
Ltd., Shaftesbury Ave., 
London. 

England 

N.P.L. Moisture Meter 

No. 2814.> 

Baldwin Instrument Co. Ltd., 
Dartford, Kent. 

England 

Marconi Moisture Meter 
Type TF842 No. 705713 

Marconi Instruments Ltd., 

St. Albans, Herts. 

England 

Toplis-Simpson Moisture 
Meter S-1300/08 

Toplis, Simpson & Co. Ltd., 
Wembley, Middlesex. 

England 


Perhaps it should be mentioned at once that some of the meters are still 
under development, so that parts of this paper may be out of date bclorc it is 
published. I'or instance: the Universal meter that was studied had a screw 
press, but a model with a hydraulic press has since been produced and may 
finally be preferred; the G.R.L. meter, an experimental model, is not yet 
being manufactured; the Patterson meter, A\hich is primarily designed for 
flour, is now used with ground rather than whole wheat; and improved models 
of the 'Poplis Simpson and Marconi meters have been develoix?d sinc'e the 
present investigation was completed. Moreover, news has recently been 
received of other meters that may shortly be on the market. However, since 
further investigations are not planned for the immediate future, there is no 
point in dcla>ing publication of this paper. 

Two main investigations are described. The first involved calibration, with 
159 samples of wheat at 72® F., of all meters and the Brown Duvel method 
in terms of the vacuum oven method. The second dealt with correction 
factors for temperature, and was made with four samples of different moisture 
contents at five temperature levels. Materials and methods for both studies 
are described in the next section. Data for the comparison of the Brown- 
Duvel and vacuum oven methods are then given. Following sections deal 
with the operation of the meters and then with the individual meters in order 
of their estimated precision. A final section contains a general discussion of 
the results. 

Materials and Methods 

Materials 

One hundred and fifty-nine samples of Western Canadian hard red spring 
wheat, each taken from an individual carlot shipped during the 1947-48 crop 
year, were obtained through the co-operation of the Inspection Branch of the 
Board of Grain Commissioners. The series was selected so as to obtain a 
relatively uniform distribution of moisture contents between 11.5 and 17.5% 
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and of bushel weights between 55 and G5 lb., and was restricted to Grades 1, 
2, 3, and 4 Manitoba Northern. Individual samples weighed about 7.5 kgm. 
and were received and kept in 1-gaI. tin cans with small screw stopi^rs. 

Calibration Study 

All meter tests were made by one man with an assistant to help with the 
subdividing and weighing of the samples. Moreover, this team made a pre- 
liminar> study with 50 samples in order to familiarize itself with the operation 
of the meters. The work was done in *i small, 14 by 11 ft., laboratory auto- 
matically maintained at 72° dt 0.5° F. As the air in this laborator> circulates 
rapidly, and as the control cycle is approximately five minutes, such minor 
variations as occur in temperature are too rapid to be effectively transferred 
to equipment or samples. Throughout the investigation, voltage of a-c. 
current may have varied between 114 and 118 v., but tests showed that none 
of the meters A\ere affected by' variations of as much as dt 10 v. 

All meters were tested with one of the 159 main samples before starting tests 
u ith another. 'Phe 7.5 kgm. sample, uhich had been kept in the constant tem- 
perature laboratory for at least two day s, was first mixed by passing it four times 
through a Boerner sampler and was subsequently divided into ()4 subsamples 
ol 115 gm. each. Two subsamples w'crc then allotted at random to each 
meter, to the Browai-Duvel method, and to the vacuum oven method. When 
a meter required more than 115 gm., additional i)airs of subsamples were 
allotted to it and composited to make larger subsamples. Single readings on 
duplicate subsamples were made wdth each meter, and the order of testing 
the meters w'as randomized. About 45 min. w'as required to prepare sub- 
samples and to take all meter readings on one main sample. 

Temperature Study 

Four large samples (35.5 kgm.) were obtained with the following average 
moisture contents: 10.0, 14.8, 13.0, and 1 1.5%. Kach of these was thoroughly 
mixed in a McClellan mixer and then wsubdividc^d with the Boerner sampler 
into five 7.5-kgm. samples, one of w^hich w'as used at each of five temperatures, 
50°, 00°, 70°, 80°, and 90° F, The procedure described above was used tor 
obtaining subsamjJcs and making the meter readings. 

The temperature ot the laboratory^ w'as set at 60° F. for the first w'orking 
period and was subsequently raised 10° F. for each of four additional w'orking 
|)eriods. After the temperature had been raised by 10° the next working 
period was delayed about 40 hr. to ensure that meters and samples reached 
equilibrium at the new temperature. Tests showed that no significant loss of 
moisture from the samples (HTurred during the 11 day^s required for this study. 

Vacuum Oven and Brown-Duvel Methods 

A two-stage vacuum oven method (2) was employed as a primary standard 
procedure, and determinations were started on the day that meter readings 
w'ere made on the sample. The duplicate subsamples allotted to the vacuum 
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oven were air-dried at room temperature in trays for two da> s during which 
the moisture content was reduced to about 9%. After grinding in a Wiley 
mill with a 1 mm. sieve, duplicate 2-gm. samples of the meal were subsequently 
dried overnight in the vacuum oven at 100® C. Four results were thus 
obtained for each of the 159 main samples. The standard error of the mean 
of these four determinations was 0.047%- 

The Brown-Duvel tests were made by an exi)erienced oi)erator using a 
carefully standardized, six compartment, electrically heated machine, with a 
100 gm. sample and a cutoff temperature of 185° C. The standard error of 
the mean of tests on duplicate subsamples was 0.05%. It was the intention 



Fig 1 S( after diagram showing the relation between moisture contents determined by the 
laiuum oven and Brown -Duvet methods for 159 samples of hard red spring wheat 

to make Brown-Duvel determinations on the .same day as meter re.idings, 
but this did not prove feasible. Accordingly, some samples were held in glass 
jars with screw caps for several weeks; but a check of sample weights showed 
that no appreciable change in moisture had occurred during this period. 

Fig. 1 is a scatter diagram in which oven results are plotte<l against Brown- 
Duvel results for the 159 samples of hard red spring wheat. This diagram 
shows that the 159 samples covered the range of moisture from 11.5 to 17.5% 
relatively uniformly. Since the dots fall relatively close to the regression 
line, the agreement between the two methods is shown to be good. The 
error of prediction of vacuum oven moistures from Brown-Duvel results 
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Fig 2 Photographs of (/I) Tag-Hep pinstall Meter and (B) Universal Meter 
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proved to be 0.15% moisture, and dotted lines corresponding to this deviation 
about the regression line are also shown in the figure. It may be mentioned, 
in passing, that the error of estimate for the Brown-Duvel method proved 
to be considerably lower than that for any of the electrical meters. 

Two further points should be noted. Firstly, the regression line in Fig. 1 
does not make an angle of 45® with the axes; the regression coefficient is 1.03 
rather than 1.0. This means that, by comparison with vacuum oven, the 
Brown-Duvel method underestimates moisture content by an amount that 
increases with increasing moisture level. And secondly, the average moisture 
for the 159 samples was 15.0% by the vacuum oven, whereas it was 14.4% 
by the Brown-Duvel method. This discrepancy arises from the fact that 
the Brown-Duvel method was originally calibrated against an air-oven method. 
Cook, Hopkins, and Geddes (2) obtained similar results. In sf)ite of these 
faults, the Brown-Duvel method gives precise results that can readily be 
converted to vacuum oven moisture by means of the regression equation 
y = 1.03x + 0.14 where y is the vacuum oven moisture and x is the Brown- 
Duvel moisture. It should be added that no correction for the temperature 
of the grain is required with the Brown-Duvel method, whereas all electric' 
meters have relatively large temperature coefficients. 

Operation of the Meters 

Photographs of all the meters except the Marconi and the 'I'oplis-Simpson 
are shown in Figs. 2 and 3. No attempt will be made to describe the circuits 
in detail, but notes on the principal differences in design and operating tech- 
nique are given in this section. 

The Tag-Heppenstall and Universal meters measure the conductance or 
resistance of the grain and can be calibrated in ohms. All other meters 
make measurements that are functions of the change in capacitance of a 
condenser when grain is intrcxluced as a dielectric. In three of the meters, 
the Universal, G.R.I^., and Patterson, the characteristics of the circuits are 
such that no standardization of them is required. The remaining meters 
have convenient provisions for standardizing or balancing the circuits, and 
this operation must be undertaken before a series of tests is made. All meters 
require a-c. current of either 110 or 220 v., except the Toplis- Simpson and 
Marconi meters, which have batteries, and the Universal meter, which requires 
neither power nor batteries. The Universal meter has a built-in armored 
thermometer, but with all other meters the temperature of the grain must be 
read with a thermometer before starting the test. 

Resistance Type Meters 

In the Tag-Heppenstall meter (Fig. 2, A), two corrugated steel rolls serve 
as electrodes; one is motor-driven and the other idles. Grain is poured into 
the hopper above the rolls and is partially crushed as it passes between them. 
A selector switch is turned to one of eight positions that control the range 
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Fig 3 Photographs of (i4) Pag-Dteledric (B) G RL (C) Patterson {D) StexnlUe {R 
Mullard and (F) NPL moisture miUrs 
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of values indicated by the galvanometer, and the position of the galvanometer 
pointer is read. Charts are provided for converting readings to moisture 
contents. Only about 10 to 20 sec. is required to make a reading. 

The spacing between the rolls is critical and must be maintained with shims 
when the rolls wear appreciably as a result of passing several thousand samples 
through them. An increase of 1/1000 in. in the spacing reduces moisture 
readings by about 0.03%. The same spacing is used for wheat, barley, and 
oats, but a thick shim must be introduced to narrow the spacing for testing 
flax. A different set of rolls with larger corrugations is used for corn. 

In the Universal meter (Mg. 2, B), a hand-driven megger establishes a 
voltage across a sample of compressed grain, and electrical resistance is 
indicated on an ohmmeter of the dynamometer type. The instrument thus 
reciuires neither batteries nor power supply. 

A test is made on a 10 gm. sample weighed to the nearest kernel. This is 
transferred to a steel cup with a c\ lindrical plastic lining (internal diam. 2 in.). 
The cup is placed beneath the ram of a screw press operated with a ratchet 
wrench, and the grain is compressed to a thickness of 0.220 in., which is 
indicated by a micrometer device on the ram. The megger is then cranked 
rapidly and the meter and temperature arc read. After the test, which 
requires about 1 .5 min., the partialh crushed grain can be readily removed 
from the cup with a scre\\ driver. 

Circular sliding scales for converting temperatures and meter readings to 
moisture content are provided on the top of the press. But the calibration 
docs not appear to be correct for wheat (see next section) and would not be 
expected to suit all types of grain and seeds. Accordingly, conversion charts 
will probabh be reciuired. The meter can be used with a variet\' of grain 
and seeds, such as flax and rape, without change in adjustment. .Ml that is 
required is that the weight of s<iniple and the thickness of the pressed la\er 
be adjusted to suitable values for each seed. 

Dielectric Type Meters 

All the dielectric meters are operated in much the same way in that a 
sample is introduced into the cell, certain switches, push buttons, or dials 
are manipulated, and a reading is taken either from a dial or from an indicating 
instrument with pointer and scale. Single tests can be made in about 1 to 
1.5 min. Photographs of six of the meters are shown in Fig. 3: (A) Tag- 
Dielectric; (B) G.R.L.; (C) Patterson; (D) Steinlitc; (E) Mullard; and (F) 
N.P.L. The principal differences between these meters are noted below. 
Most of the meters have already been described: G.R.L., (6); Marconi (1); 
N.P.L., (5); and the remainder in advertising literature. 

In order to obtain uniform packing of the sample within the test cell, loading 
hoppers with spring or trip release mechanisms are provided in the G.R.L., 
Steinlite, Mullard, and Marconi meters. Each of these has provision for 
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dumping the tested sample into a drawer for removal. A special funnel with 
a spring-operated release is provided for loading the cell of the Patterson 
meter. And this and the remaining meters have removable cells that are 
readily emptied. 

No loading hoppers are provided for the Tag-Dielectric, N.P.L., and Toplis- 
Simpbon meters. Tests showed that uniform loading of the cells of the last 
two meters did not improve the results obtained with them. But uniform 
loading did improve the results obtained with the Tag-Dielectric meter, and 
this meter was therefore used with the Stcinlite hopper. 

The weights of wheat required for single tests with the dielectric meters 
are as follows: Tag-Dielectric, 200 gm.; G.R.L., 190 gm.; Patterson, 20 gm.; 
Steinlite, 150 gm.; Milliard, 100 gm.; N.P.L., about 300 gm.; Marconi, about 
150 gm.; and Toplis-Simpson, about 150 gm. With the last three meters, 
the cell or hopper is merely filled level with the top. With all other dielectric 
meters, the sample must be weighed. 

The Patterson meter has a novel feature consisting of a servo-mechanism 
that balances the circuit. After the loaded cell is clipped in place, a button 
is pushed, and the operator has only to read the position of a scale when the 
servo-mechanism stops. 

Results 

Sampling error, in terms of the electrical properties measured, proved to be 
negligible; each meter gave almost identical results for duplicate subsamples. 
Accordingly, the statistics reported below relate to the mean values given by 
the meters and by the vacuum oven for each of the 1 59 main samples. Scatter 
diagrams, regression eijuations, standard errors of estimate of moisture content 
(vacuum oven) from meter readings, and graphs showing the results of the 
temperature study, arc presented for the more precise meters, and correspond- 
ing data arc summarized for the remaining ones. 

Tag-IIeppenstall Meter 

The Tag-Heppenstall meter can be most conveniently calibrated in ohms. 
It has a range from 2000 ohms to about 85 megohms, which corresponds to a 
moisture content of wheat ranging from 10 to 24%. An inverse logarithmetic 
relation exists between the resistance (R) of the grain in ohms and percentage 
moisture content. Accordingly, a direct linear relation is obtained b> plotting 
moisture content against 10 — log R. I'ig. 4 shows this plot for the 159 
samples tested. The slope of the regression line is 2.47 and the standard error 
of estimation of moisture content (vacuum oven) from the meter readings is 
0.23% moisture. The dotted lines drawn 0.23 percentage units above and 
below the regression line thus represent the error of estimate and include 
about two-thirds of the points. Points lying farther from the regression line 
represent samples whose moisture contents would be least accurately estimated 
by the meter on the basis of the regression eejuation. Errors of as much as 
=t 0.7% can occasionally occur. 
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The reg:ression equation obtained for the Tag-Heppenstall meter takes the 
form y = + c, where y is the moisture content, x is the meter reading in 

log ohms (or 10-log ohms), h is the regression coefficient, and c is a constant. 
The value for c is a function of the sharpness of the corrugation on the rolls 
and the space between the rolls. Accordingly, exactly the same equation is 
not obtained for two meters unless the rolls and spacing are identical. For 






Fig 4 Scatter diagrams showing the relations between moisture content (vacuum oven) and 
10— log resistance (ohtns) for Tag-Heppenstall and Universal meters Curves showing the rela* 
twns between percentage moisture by meter and temperature for the two meters. 


this reason, a direct comparison of the equation obtained in the present study 
and that obtained in a similar study (3), made in the laboratory 15 years ago, 
is not feasible. However, indirect comparison shows that if both meters 
had been adjusted to give identical readings for grain of 15% moisture, results 
obtained with the two meters at 11 or 17% moisture would have differed by 
0.03%. This difference is negligible for all prat tical purposes. 
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As the rolls on the meter wear and the spacing between them increases^ 
moisture content is progressively underestimated. This error can be corrected 
by shimming when a decrease in spacing of 1/1000 in. raises the meter reading 
by the equivalent of about 0.03% moisture. However, the most accurate 
corrections for wear cannot be made merely by re-establishing a constant 
spacing between rolls. For experiments have shown that the spacing required 
to maintain the calibration also depends on the sharpness of the corrugations; 
as this decreases, compensation must be afforded by additional decrease in 
spacing. These minor difficulties are readily overcome in practice by cali- 
brating meters periodically against the vacuum oven, or other standard 
method, and shimming to re-establish the calibration. 

The results for the study of the effect of temperature on the Tag-Heppenstall 
meter are shown in Fig. 4. The four curves, representing samples of different 
moisture contents, are linear and parallel. This represents an ideal situation 
in which a single correction factor covers the temj)erature range (50® to 90® F.) 
and moisture range (11.5 to 16.0%) investigated. It seems probable that this 
generalization will hold for wider ranges. 'Phe regression of moisture on tem- 
fierature is 0.056% per ® F. This is lower than the value of 0.068% established 
in the earlier study (3), and since this was obtained by study of about 30 
samples, rather than four, it is considered the more reliable figure. 

Universal Meter 

Although the megger of the Universal meter is provided with an arbitrary 
scale, this can readily be converted to ohms. The range of the megger is 
from 5,000 ohms to 50 megohms, which corresponds to a moisture range of 
about 11.5 to 18%. The scatter diagram for moisture content (vacuum oven) 
against 10 — log R (Fig. 4) shows an essentially linear relation represented by 
the regression equation, y = 2.24jc + 6.37. The standard error of estimate 
is 0.28%. 

Since the Universal meter shows considerable promise, it was also calibrated 
against the Brown-Duvel method. The linear regression proved to be y = 
2.15 jc + 6.06, and the standard error of estimate was 0.27%. To make a 
direct comparison of the arbitrary megger scale readings and the Brown- 
Duvel method, a fourth degree polynomial was fitted to the points. The 
reduction in the standard error by this method of calculation was negligible. 
A chart for converting readings on the arbitrary megger scale to moisture 
contents, based on the fourth degree equation, has been prepared. 

Results for the study of temperature effects are shown in Fig. 4. The 
curves suggest that a single correction factor (0.045% per ® F.) is applicable 
within the range of 60® F. to 90® F. and of 15.7% down to 13.0%, and possibly 
to 11.0%, of moisture. There is an indication, however, that the slopes of 
the curves change below 60® F., and that different corrections would be re- 
quired below this temperature level. Further investigation is required to 
establish this point. 
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The manufacturers have calibrated the instrument, and have provided 
engraved scales on the top of the instrument from which the operator can 
readily obtain the moisture content when the megger reading and temperature 
are known. This calibration does not agree with those obtained in the present 
study either for the meter and the vacuum oven or for the meter and the 
Brown-Duvel methcxl. By comparison with our vacuum oven data, the 
manufacturers* calibration is lower by an average of 0.76%; by comparison 
with our Brown-Duvel data, it is high at low moisture levels (11 to 13%) 
and low at high moisture levels (14 to 17%). In view of the large number 
of samples used in the present study, and the fact that all these were taken 
from commercial carlots of grain, it seems probable that the manufacturers* 
calibration is erroneous. 

Dielectric Type Meiers 

Scatter diagrams for six of the dielectric type meters arc shown in Kig. 5. 
The calibration equations and standard errors of estimate of moisture content 
(vacuum oven) are given in Table I. Diagrams for the Tag-Dielectric and 


TABLE I 

Calibration fquations and siandard errors of estimate for elecirical 

MOISTURE METbRS 


Meter 

Unit of 
measurement 

Calibration 

equation* 

Standard error 
of estimate, 
moisture, % 

Tag-Heppenstall 

10— log of resistance, 
ohms 

10— log of resistance, 
ohms. 

y = 2 47x + 4 54 

0 23 

Universal 

y - 2 24* + 6.37 

0.28 

Tag- Dielectric 

Meter reading 

y« .109x4- 3 62 

035 

G R.L. 

Meter reading 

y » .132x -h 10.07 

0.36 

Pallerson 

Meter reading 

y « .186x + 7.29 

0.11 

Steinlite 

Meter reading 

.106x4-1109 

0.44 

Mullard 

N.P.L. 

Meter reading 

y - 876x + 10 88 

0.48 

Switch Pos 1 

N P.L. 

Meter reading 

y * .116x 4- 14.57 

0.50 

Switch Pos. 3 

Meter reading 


0.49 


*y *=■ Vacuum oven moisture, x =» Unit of measurement. 


Patterson meters suggest slightly curvilinear relations especially for moisture 
contents over about 1()%. The N.P.L. meter is provided with a selector 
switch for changing the range, and diagrams for two ranges are therefore shown. 

Results obtained with the Marconi (Model TF842) and the Toplis-Simpson 
(Model S-1300/08) meters were less satisfactory than those for the other 
meters. As both companies have substituted new models for the older ones 
examined in this laboratory , data on the latter are not reported. 

Fig. 6 shows the results of the temperature study for six meters. Among 
these, the G.R.L. meter most nearly approaches the ideal in which all curves 
are straight and parallel. But the Tag-Dielectric, Steinlite, and Mullard 









PCRCCNTAOE MOISTURE BY VACUUM OVER PERCENTAGE MOISTURE BY 


394 


CANADIAN JOURNAL OF RESEARCH. VOL. 27, SEC F 








Fio 5 Scatter diagrams showing the relations between percentage moisture {vacuum oven) and 
meter readings for six electrical moisture meters 
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meters show only minor deviations from the ideal. The N.P.L. meter shows 
slightly curvilinear relations. On the other hand, the Patterson meter appears 
to require different correction factors for samples of high and low moisture 
content. In general, however, the adoption of a single temperature correction 
factor for each meter would introduce errors that are small by comparison 
with those resulting from the looseness of the relation between moisture content 
and meter readings. 

Discussion 

The data reported in this paper relate to single samples of each manufac- 
turer’s meter. A question thus arises as to whether a generalized statement 
can be made about the comparative merits of the meters. For the Tag- 
Heppenstall and Universal meters, several of which have been tested in this 
laboratory, some additional information is available. Experience has shown 
that Tag-Heppenstall meters that are in good working order can be readily 
adjusted by empirical tests to give results in accordance with a specified 
calibration. Several Universal meters have also been shown to give uniform 
results, and there is reason to believe that these meters will retain their 
calibration during a reasonable working life. Discussions with other chemists 
suggest that some variation in setting may exist among replicates of some 
other instruments. Accordingly, the calibration equations reported in this 
paper may not be accurate for all examples of each meter. And moreover, 
these calibrations apply only with Canadian hard red spring wheat and would 
not be expected to give the most accurate results for wheats of other classes. 
Any laboratory purchasing a new meter should check the calibration and 
recalibrate if this seems necessary. 

There is also the question of whether repetition of this study would place 
the meters in the same rank order of accuracy. The statistical significance 
of differences between standard errors of estimate cannot be computed from 
the data for a single study. But experience suggests that it is of the order 
of 0.3 percentage units or less. On this basis, the Tag-Heppenstall meter 
yields the most accurate estimates of moisture content and is followed by 
the Universal meter. The remaining meters fall into four groups listed in 
order of accuracy as follows: Tag~Dielectric and G.R.L.; Patterson and Stein- 
lite; Mullard and N.P.L. ; and Marconi and Toplis-Simpson. 

Even the best of these meters will give an erroneous estimate of the moisture 
content of a considerable proportion of any series of samples. This is to be 
expected. The meters measure electrical properties of the grain, which arc 
functions of several other properties and conditions of the samples of which 
moisture content is only one, though the most important. Among these 
other factors, the distribution of the moisture is known to affect electrical 
properties. Accordingly, a calibration established for the average distribution 
of moisture in normal samples is not accurate for samples in which the dis- 
tribution is abnormal because the grain is freshly harvested, recently tempered, 
or recently subjected to rapid drying. The packing of the sample in the test 
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cell also has a major effect on electrical properties, and most meters therefore 
have loading hoppers designed to reduce this source of variation. For these 
and other reasons, not yet fully investigated, an accurate prediction of moisture 
content by electrical methods is not likely to be achieved by any meter for 
all samples in any random series. 

Besides being the most accurate, the Tag-Hcppenstall meter provides the 
most rapid tests, has a uniform temperature correction coefficient, and requires 
no balance for weighing the sample. These advantages are offset in part 
by the change in calibration as the rolls wear; though the original calibration 
can be re-established by simple empirical methods. In addition to its stand- 
ing of second in accuracy, the Universal meter has the decided advantage of 
requiring no batteries or external source of current. Among the other meters, 
several have minor advantages of various kinds, but these are not considered 
sufficient to offset the greater accuraev of the two resistance types. 
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MILD OXIDATION OF ALKALI LIGNINS^ 


By R. a. V. Raff* and G. H. Tomlinson IP 


Abstract 

Following the discovery that the reinforcement of GR-S rubber by alkali 
lignins is greatly enhanced if the lignins, piior to their coprecipitation with the 
latex, are subjected to oxidation, the reaction of alkali lignins with oxygen and 
the properties of oxidized lignins were studied. It was found that particularK 
the melting points of the lignins and their lyophilic properties are increased by 
continued oxidation. I'his suggested that these two properties are mainly 
connected with, and possibly responsible for, the reinforcing capacity of the 
o\idi/e<l lignins in the rubber, wnich in turn is correlated with particle size, 
surface area, and adsorptive pjiwer. It could also be established that, providing 
definite coprecipitation comlitions arc maintained, a well defmetl oxidation 
range exists, over which lignins display optimal reinforcing properties. 


Introductory Remarks on the Importance of Oxidation Studies 

on Alkali Lignins 

The early stages of development work at Ho^vard Smith Paper Mills Limited 
on the use of alkali lignin in plastics have shown that the recovery and 
separation of the lignin from black liquor should be carried out under condi- 
tions such as to minimize reaction of the lignin with oxygen from the air. 
Progressive oxidation was found to increase the lyophilic properties of the 
wet lignin. This was undesirable from the standpoint of filtering and drying. 
It also increased the melting point and reduced the flow properties of the dry 
lignin. This made the latter less suited for molding purposes. 

On the other hand, in joint work with Polymer Corporation, Sarnia, Ontario, 
on the use of alkali lignin as a reinforcing agent for GR-S rubber, it was dis- 
covered that reinforcement was greatly enhanced with increasing oxida- 
tion (4, 5). 

It was thus realized that the reaction of alkali lignins with oxygen would 
have to be investigated and the properties of oxidized lignins studied. It 
should be pointed out that the investigation reported here does not include 
the oxidation of lignosnlphonic acids, i.e., of waste sulphite liquor, nor the 
formation of vanillin. 

' Manuscript received June 8, 1949. 

Contribution from the Research Department of Howard Smith Paper Mills Ltd., Cornwall^ 
Ontario. 

Paper presented before the Wood Chemistry Section of the Canadian Pulp and Paper 
Association, in Niagara Falls, on June 3, 1949. 
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Reference to Previous Publications in Relation 
to the Present Problems 

As far as the earlier literature on the oxidation of alkali lignin is concerned, 
the well known books of I'uchs, and Freudenberg, and the article of Max 
Phillips in “Chemical Reviews”, 1934, adequately cover such wwk up to 
about 1934. Phillips, in his monogrjxph, points out that the published results 
on the oxidation of lignin throw little light on the structure of lignin since, 
even by “mild” oxidation, complete disruption of the molecule is said to take 
place, resulting in simple degradation pnxlucts only. This indeed, also 
applies to most of the more recent publications, liven in the few cases where 
milder and more controlled oxidation conditions were applied, the main 
interest of the investigators was in the low molecular degradation prodiu'ts 
rather than in the remaining lignin skeleton. 

Franz Fischer and coworkers (2) reported as early as 1922 that lignin in 
the presence of alkali is capable of taking up oxygen, particularly at increased 
pressures and temperatures, whereby he distinguishes between mild and strong 
oxidations. 

Freudenberg, in his book, expresses the belief that mild oxidation of lignin 
causes the formation of carboxyl groupings, which render the molecule soluble 
in alkali, without considerably changing its internal structure. Stronger 
oxidation, however, is said to always lead to simple degradation i)r()diicts, 
without the possibility of isolating intermediates. 

A few of the more recent papers deal also with the changes in the lignin 
molecule caused by mild oxidation. 

Walde and Hixon (7) found that the reaction of ammonia lignin from oat 
hulls wath alkaline iodine solution could be made quantitative, bxloform 
w^as found among the degradation pnxlucts, the oxidized lignin itself contain- 
ing iodine and carboxyl groups. DilTerent preparations of lignins gave different 
titration values, ranging from t)8 cc. of N/\0 icxline solution per gm. sample 
for sulphuric acid lignin from aspen to 190 cc. for ammonia lignins from oat 
hulls. When the latter lignin had been pretreated with 1^'ehling’s solution, 
the titration value decreased to 154. 

This indicates that the oxidation values for lignin vary considerably, the 
actual values depending on the method of preparation and pretreatment of 
the lignin s<imple. The amount of copper reduced (3) was not found to parallel 
the loss in iodine oxidation value. The oxidation of lignin with alkaline 
solutions was further found by Walde and Hixon to be peculiar in that the 
methoxyl content decreases from 12.5 to approximately 7.4%, while the iodine 
entering the molecule accounts for only 1.1% of the decrease. 

A valuable contribution to the problem of lignin oxidation was made by 
Bennett of the Massachusetts Agricultural Experimental Station, in a paper 
entitled “Some Acidic Properties of Alkali Lignin” (1). The article deals 
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primarily with the possible role of lignin in the absorption of minerals by 
plants. 

Since Bennett felt that increases in base exchange values of soil organic 
matter may be caused partly by progressive oxidation, samples of corncob 
lignin were subjected to oxidation with alkaline iodine solutions. Oxidation 
values of 172 cc. of N/iO iodine per gm. of lignin were obtained, and among 
the degradation products, iodoform was detected, a finding similar to that of 
Walde and Hixon. The oxidized lignin appeared to be considerably more 
highly peptized, and base exchange determinations on the electrcxlialized pro- 
duct indicated an increase of about 35%, probably due to the presence of 
carboxyl groups. 

A method that could possibly be developed into a procedure for determining 
the reducing capacity of lignins has been reported recently by Schuerch 
(0, p. 19). In an attempt to find a method for modifying periodate lignin 
to render it soluble, oxidations at 20® C. with aciucous chromium trioxidc 
buffered to pH 0.5 seemed to show some promise. After about 17 atoms of 
oxygen had been taken up per 1000 gm. of lignin, the reaction slowed down 
and the lignin became soluble in alkali. The precipitated, washed, and dried 
product consumed only eight atoms of oxygen when subjected once more to 
the same treatment. 

Preparation of Lignins of Varying Degrees of Oxidation 

In our own work, the oxidized alkali lignin for use in reinforcing rubbers 
was genenilly prepared b> heatinga solution of the sodium lignin salt in water, 
or a solution of the acid precipitated lignin in caustic, and bubbling owgen or 
air through these solutions. The tendency of these solutions to turn acid was 
counteracted b\ the addition of scxlium hydroxide during the oxidation. 

in the course of this work it was necessar> to prepare considerable quantities 
of oxidized lignin lor laboratory and pilot plant coprecipitations with the 
rubber latex. At various stages in this development the oxidation was carried 
out in a 40 gal. drum, in a t>pe N Roto-("lone, and in a small tower (40 in. 
diam., 7 ft. high). Because of the somewhat different methods of air-licjuid 
contact emploxed, the time required to obtain a lignin of suitable reinforcing 
properties was found to vary over a considerable range. 

Changes in Lignin Characteristics Depending 
on the Degree of Oxidation 

It was considered to be highly desirable to establish ph> sical and/or chemical 
characteristics of the lignin at various stages in the oxidation that could then 
be related to the reinforcing properties when the lignin was coprccipitated with 
rubber. A knowledge of the change of the amount of oxygen consumed, 
corresponding to any given change in these characteristics, was also considered 
desirable. 
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(a) Melting Points 

One of the most characteristic changes in property is the increasing melting 
point that is obtained with isolated lignins that have been subjected to pro- 
gressive oxidation. This increase in melting point is a fairly satisfactory 
criterion of the degree of oxidation of a lignin sample, so long as it is kept in 
mind that other reactions, like chlorination, also raise the melting point of 
lignin, but do not increase its reinforcing properties. 

Some points should be noted regarding the determination of the melting 
point of lignins, which is somewhat less definite than in the case of most low- 
molecular, crystalline compounds. 

One method of determining the melting point of lignins is carried out in 
the usual Thiele melting point apparatus, using oi)en cai)illaries, and cotton- 
seed oil as a heating fluid. 'I'he lignin sample is finely ground and predried 
for about 30 min. in an air oven at 105® (\, under which conditions no notice- 
able oxidation takes place. A small (juantity of this lignin is then filled into 
the capillary, without removal of the sample from the oven. I'he filled 
capillary is then attached to a thermometer and inserted in the melting point 
apparatus, which has been heated previously to around 00® (\ From then 
on, the tempeniture of the bath is slowly and eveiiK raised, and the sample 
observed under strong illumination. ( jcnerally, lignin samples show a definite 
shrinkage at a certain temperature, which is noted. Heating beyond this 
point causes the lignin in most cases either to show definite melting at a definite 
temperature, or at least to flow together and to wet the walls of the capillar\. 
The temperature at which either or all of these changes occur is taken as the 
melting point of the sample, although very olten no real melting can be 
observed. Detailed data ol the relation between oxidation and the results 
obtained by this “oi)cn tube method’* will be presented later in Table V. 
It is sufficient to mention now that, for example, for a medium-oxidized lignin 
(i.e., medium, from the viewpoint of rubber reinforcement) the data observed 
for shrinkage and melting point, respectively were: 2J4®(\ and 228® ('. 

In search for a more accurate methcKl of determining melting points of 
lignins, it was thought that volume changes occurring while the sample is 
being heated could be more easily followed by covering the sample in the 
capillary with a small amount of mercury and observing the meniscus of the 
latter. Somewhat larger tubes were found to be more suitable, in which the 
dried and fineh' ground lignin was packed tight to a height of 25 mm. and 
covered with a column of mercury 10 mm. high. 

Attaching this tube to the thermometer, inserting it in the preheated melting 
point apparatus, and gradually increasing the temperature, reveals in most 
cases three clearly observable points at which changes ocTur. The above 
mentioned, moderately oxidized lignin showed, for example, that the mercury 
level was first raised by increasing the temperature, but then, at 177® C., it 
suddenly dropped. 'I'his point was marked as “shrinkage”. Continued 
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heating caused the mercury level to eventually rise again, until a point was 
reached at which the lignin sample in the tube turned jet black and glossy, 
with signs of wetting the wall of the tube. This point (210® C. in the case 
noted) was called the melting point by this method. Further heating of the 
sample led to a slight additional rise in level of the mercury. Then, fairly 
suddenly, gas developed from the lignin sample, forcing its way as bubbles 
through the mercury. This, in the present case, took place at 224® C., and 
seemed to be a sign of decomposition or at least of structural changes in the 
lignin molecule. Thus, the lignin sample by this method gave three charac- 
teristic points. 

Experiments with the electrically heated melting point apparatus of the 
Fisher-Johns t>pe gave only one point, at which signs of melting or fusing 
of the lignin sami)le were noted. A slight pressure with a needle on the 
cover glass made it fairly easy to observe that the sample turned, at 213® C., 
to a jet-black sticky tar. 


A comparison of these results, as obtained on the same lignin by the three 
methods, is shown in 'Fable 1. 


TABLE I 

Comparison of ri silts ohiaini o by various mi lfini. misr mi thods 


Method 


Characteristic* changes 


Open-lube method 


Mercur> -c'overed 
IuIh* method 

Electric stage 
method 


Shi inkage 
177° C 


Shrinkage 
211° C. 

ruins black 
210° C 

Melting 
213° C. 


Melting 
228° C. 

Cias develojK'd 
221° C. 


It would appe.ir from this table that the point of shrinkage observed by 
the “open-tube method”, the point at which the sample turns black in the 
“niercury-c'overed tube nudhocl”, and the melting pc^int observed by the 
“electric stage method”, take place at approximatch the same temperature, 
whereas the melting point b> the open-lube method seems to correspond to 
the point at which gas development is observed in the “mercur\ -covered lube 
method”. 

'Fhis agreement is not alwa\s as gocxl as in the example shown. More of 
these figures wdll be given in Table V. ParlicularK in the range of “over- 
oxidized” lignin (that is, from the viewpoint of rubber reinforcement) the 
agreement is often very poor, even for results obtained on the same sample 
by the same observer and the same method, regardless of the methcxl used. 

As a routine test it was found best to carry out melting point determinations 
on the same sample by all three methods and to attempt to obtain the above 
correlation between them. 
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One interesting? fact has been discovered in the course of these investigations^ 
namely, that lignin gives off gases at its melting point. This has been pre- 
viously overlooked, since melted lignin samples, on remelting, showed essen- 
tially the same melting point, and lignin was thus considered to be a true 
thermoplastic material. Such conclusions should be reconsidered in the light 
of these recent findings. This thermocJecomposition of lignin, which may play 
an important role during molding when lignin is used in plastics and laminates, 
has been made the subject of a separate study, results of which will be reported 
at a later date. 

(b) Filter Time and Water Retention 

Any increase in melting point of lignin that is due to oxidation is normally 
accompanied by an increase in the lyophilic properties of the lignin. This 
change in properties can be observed in several ways. For example, if solu- 
tions of lignins of increasing degree of oxidation, but of the same lignin content, 
are precipitated with acid at 90® to 95® C., the slurries will filter more slowly 
the higher the degree of oxidation of the lignin. Further, the lignin cake 
containing the more highly oxidized lignin will also hold more water. ^ Corres- 
ponding results are obtained when coprecipitates with GR-S latices are 
involved. 

Unoxidized lignin can be precipitated in suth a way that a fast filtering 
precipitate is obtained, at a temperature as low as 70® C. However, oxidized 
lignin, when precipitated at su(h a low temixTature, is hardly filterable. 
With such lignins, higher precipitation temperatures should be used in order 
to obtain a product filterable at a reasonable s|Xied, although even under 
optimal conditions filtering is always slower than with the less oxidized or the 
unoxidized lignin sample. 

Filter times of samples containing standard amounts of lignins, and preci- 
pitated under standard conditions, as well as the water contents of the filter 
cakes, with or without latex, have been used sut( essfully to characterize lignin 
samples and to check on the progress of lignin oxidations. 

(c) Changes of Viscosity in Solution 

The increase in viscosity due to oxidation of solutions of lignin in cellosolve 
has already been reported (4, 5). However, the changes observed are too 
small to form the basis of a routine test. 

(d) Changes in Methoxyl Content 

The same applies to the change in methoxyl content, which shows a definite, 
but small decrease with progressing oxidation, at least in the investigated 
range. 

(e) Reduction of Fehling's Solution 

The fact that lignin preparations reduce Fehling’s solution has been observed 
by Powell and Whittaker (3). There is definite indication that the ability 
of a lignin to reduce Fehling’s solution, as measured by the amount of cuprous 
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oxide deposited under standard conditions, decreases with increasing tiegrce 
of oxidation. But again, the differences are none too great, and the individual 
and experimental variations are considerable. 

(/) Titration Values with Iodine Solutions 

The titration values of lignins with iodine solution when carried out according 
to the method of Walde and Hixon (7), also show a definite, but none too 
great, decrease with increasing degree ot oxidation. 

(g) Acidmetric Titration Curves 

A comfiarison of the titration curves tor unoxidized and moderateh oxidized 
deciduous alkali lignins is shown in Kig. 1. In each case, 1 gm. of the moisture- 



free lignin was dissolved in 1.34 cc. ot N/\ sodium hydroxide, and the solu- 
tion w^'ls diluted to 100 cc., and titrated with N 10 h>(lrochloric acid. The 
comparison of both curves shows the increased acidic nature of the oxidized 
lignin. 

I 'nfortunatel> the inflection points are diflicult to Icx ate accurateh . How- 
ever, an approximation of the equivalent weight as based on the carbox\l 
group can be calculated and the folhnving results are obtained: 


. Tnoxidized Oxidized 

Approx. pH 1st inflection point 8.0 8.0 

“ “ 2nd “ “ 4.0 3.75 

cc. iV/10 HCl/gm. lignin 0.4 8.8 

Approx, milliequivalent/100 gm. 04 88 

Approx, equivalent weight, based on 
carboxN 1 group 1500 1135 
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(h) Bicarbonate-neutralization Capacity of Lignins 
Another method of determining carboxyl groups is based upon base ex- 
change, as worked out for cellulose by Wilson (8). This method was adapted 
for use in the analysis of lignin. The dried and finely ground weighed sample 
is suspended for two hours in dilute hydrochloric acid, filtered, washed until 
neutral, resuspended in 100 cc. of a solution containing iV/100 sodium bicar- 
bonate and iV/10 sodium chloride, left in contact for one hour, then the lignin 
filtered off, and the solution back-titrated with dilute hydrochloric acid. 
From this, the “base-binding"’ ability of the lignin is calculated in milli- 
equivalents per 100 gm. moisture-free lignin, as follows: 


Carboxyl (as niilliequivalents per 100 gm. lignin) 


2r}G ^ 



where (r = weight of m.f. lignin, in grams; 

V = amount of moisture in lignin, in grams; 
a == number of ml. of N / 100 h\drcK‘hIoric acid consumed by 
25 ml. test solution at end of experiment; 
b = number of ml. of A^/100 hydrochloric acid consumed by 25 
ml. sodium bicarbonate solution before start of experiment. 


The above formula is calculated for the case where the lignin sample is 
suspended in 100 cc. of the sodium bicarbonate -sodium chloride solution, 
but where only 25 cc. of it is used in the back-titration. 


An investigation of this method as applied to lignin indicated that equili- 
brium was approached at a ver\ slow rate, so that the one hour test, as used 
by Wilson for cellulose, could not be used as an index oi the actual carboxyl 
content. 


In Table II arc given data showing the ediect ol time and quantity of bicar- 
bonate on the values obtained. Both dried and freshly i)recipitated samples 
of unoxidized and oxidized deciduous alkali lignins were used. It was observed 
that the immediate bicarbonate neutralizing capacity was considerably greater 
with the oxidized samples but that this differential was partiall> reduced after 
several days. 

It should be borne in mind that neutralization values of 01 and 88 milli- 
equivalents per 100 gm. foi the oxidized and unoxidized lignins resj)ectively 
were obtained by titration of aqueous solutions of the sodium salts. It is thus 
apparent that the bicarbonate neutralization test is influenced by not only 
the true carboxyl content but its accessibility in the solid phase, the rate of 
which is determined by the slow diffusion process. 

It was noted that with the one hour test, values of the order of 4.0 milli- 
equivalents per 100 gm. were obtained with unoxidized samples, as compared 
to values of around 20 to 22 for even mildly oxidized samples. The latter value 
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TABLE 11 


Carboxyl determinahons on lignins under varying gondii ions 



Unoxidized 

Oxidized 


2.5 gm. ot 


2.5 gm. of 



lignin susp. 

Carboxyl, 

lignin <«usp. 

Carl) 0 \yl, 

Type 

in NdHCO, NdCI 

milli- 

in NaHCOj NaCI 

milli- 

of 



equiv. 








eqiiiv. 

lignin 

Quantity, 

Time, 

/lOO* gm. 

Quantity, 

Time, 

/lOO* Km. 


cc. 

hr. 


cc. 

hr. 


Dry 

100 

1 

4 05 

100 

1 

22.57 


n 

4 

9.00 

44 

4 

24 02 


<1 

10 

14 22 

44 

10 

28.68 


n 

22 

14.02 

44 

22 

30.17 


“ 

10 

20.82 

44 

40 

31 30 


500 

1 

100 

500 

1 

28.15 


“ 

4 

9 29 

“ 

4 

29 88 



10 

18.07 

41 

10 

33 70 


“ 

22 

20.31 

44 

22 

30 30 


K 

40 

2h 07 

“ 

10 

11.79 

Wet 

100 

1 

8.80 

100 

1 

18.93** 

(freshly 

41 

10 

17 59 

“ 

22 

21 40** 

precipitated) 

500 

1 

7 27 

500 

1 

31 70** 


4i 

22 

19 91 


22 

20 90** 


also Table V. 

**Samples difficult to filter, thus impairing reprodui ihility of results. 


(lid not increase with increasing: oxidation, as did the lyophilic properties, 
as will be later shown in Table V. Such a t(‘st may prove useful for distin- 
guishing between so-called unoxidized lignins for use* in plastics, and other 
lignins that have received more or less oxidation treatment. 

(i) Ion Exchange Experiments 

Similar conclusions with regard io the accessibility and increavsed acidity 
of the oxidized lignin c an be drawn from urn exchange exp(‘riments. Weighed 
crystals of ('alcite were added to aqueous 10^^^ suspensions of unoxidized and 
moderate^' oxidized deciduous alkali lignins, which were kept in a constant 
temperature bath at 25° C. At intervals these crystals were taken out, 
washed, dried, weighed, and returned to the lignin susjjensions. 

As seen in Fig. 2, the calcite crystals in contact with the susi3cnsion of the 
oxidized lignin lost weight much faster than the ones left with the unoxidized 
lignin, or, in other words, oxidized lignin is a better ion exchanger than un- 
oxidized lignin. Thjs observation has already been made by Bennett (1), 
who drew from it his conclusions as to the mechanism of humus formation 
in the soil. 

The above reported ion exchange experiment was interrupted after 199 days 
and the lignins were filtered oflf and analyzed. A comparison of the lignin 
characteristics at the start of the experiment and after 199 days is given in 
Table III. 
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Shrink 

Black 

Ois 
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1 20 

175 
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\lH>ve 

168 
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175 

171 

Abov e 

0 70 

0\idi/ed 

2 21 

2 48 

None 

250 

265 

2'»5 

304 

300 

031 


*Thf amounts of ash found m the samples at the ^tart of the experiment were added to the amounts 
of ash to be expected from the loss tn weight of the suspended calcite trystals 
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Both the meltinp: point and the ash content of the lijjnins showed increased 
values after treatment with the calcite crystals, the oxidized lignin showing 
the greatest changes. The increases in ash content are proportional to the 
losses in weight of the suspended calcite crystals. The suspensions of the 
oxidized samples at the start as well as at the end of the experiment show a 
lower pH than do those* of the unoxidized samples. 

Volumetric Measurements of the Lignin-Oxidation Reaction 

(a) Equipment and Procedure 

A closer study of the oxidation reaction of lignin necessitated a more exact 
technique than that used when lignin batches are oxidized in the preparation 
of lignin-rubber cojirecipitates for compounding, curing, and testing. 

The equipment in which these experiments were carried out is shown in 
Fig. 3. An amount of air-dr\ lignin, corresponding to 2.()3 gm. moisture-free 


jf . 



Fu. 3. Apf}ar(itn\ used for volumetru determinatton of oxy^^en absorption 

weight, was placed in a glass bulb, 3 in. high and 1^9 wide. To this was 
added 13.15 gm. of a solution of sodium hydroxide, containing 20 gin. scxlium 
hydroxide in 1000 cc. This >ielded a solution containing 10% lignin and F'o 
stxlium hydroxide, with an initial pH of approximateh 11. A small mag- 
netized stirring bar wms introduced, which allowed the solution to be stirred 
magnetically from outside. The bulb was inserted in a constant temix'rature 
bath and connected wdth one arm of a gas burette. The other arm of the 
gas burette led to a mercury gauge and from there to a manifold, the four 
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outlets of which were connected with the open air, the vacuum pump, a nitro- 
gen cylinder, and an oxygen cylinder, respectively. The liquid used as a seal 
was a concentrated solution of sodium chloride. 

The ex|>eriment was started by repeatedly evacuating the whole apparatus 
and refilling it with nitrogen. Then the bath was brought up to the reaction 
temperature, in most cases 70° C., and the lignin sample kept under nitrogen 
until constancy of the volume, as read on the gas burette, indicated that 
constant temperature conditions had been established and that no leakage 
occurred. The apparatus was then repeatedly evacuated and refilled with 
oxygen. The vessel containing the sealing liquid was then adjusted to .such 
a height that the distance between the surface of the liquid and the menisems 
in the gas burette was 8 in., this distance being kept constant during the run. 
The surface of the sealing liquid and the meniscus in the gas burette were 
then brought to equal level, the first reading on the gas burette was taken, 
and the time counted from there on. This and later volume readings were 
converted to 0° C., and 70 cm. pressure, and the volume changes converted 
into grams of oxygen. The results were evaluated by relating the number of 
grams of consumetl oxygen to the weight of the lignin sample, and reported 
in grams of oxygen absorbed by 100 gm. of lignin, i.c., as % oxygen absorbed. 

It has already been mentioned that lignin solutions, while being oxidized, 
undergo a drop in [)H. Basically, two ways of oxidizing lignin solutions ccin 
be visualized. Either the pH of the lignin solution is allowed to drop during 
oxidation, or such a drop is prevented by continually adding caustic while 
oxidizing. The latter method was used when preparing the oxidized lignins 
described in Table V, since it was found that a drop in pH causes the oxidation 
to gradually' slow up to an extent that was found to be impractical. 

However, in some of the volumetric oxidations discussed here, the pH was 
allowed to drop. Volume readings were taken at various intervals and con- 
verted as previously' described. 

In other of the volumetric experiments, w'hcre the pH w .as kept at its original 
value of about 11 during the whole experiment, the apparatus was repeatedly 
evacuated and refilled with nitrogen after each two hours of running with 
oxygen. After the oxy'gcn had been replaced by nitrogen, the reaction vessel 
was opened, a predetermined amount of feodium hydroxide solution was added, 
and the reaction vessel again connected with the gas burette, repeatedly 
evacuated, and refilled with oxygen. A new volume reading was taken and 
the reaction allowed to proceed undisturbed for another two hours, after 
which time the procedure was repeated. The amount of s6dium hydroxide 
to l)e added each time had to be determined in separate experiments, since 
the described setup did not allow a direct pH observation. 

Each of these oxidations was carried on for a certain number of hours. 
The oxidation was then stopped by replacing the oxygen by nitrogen, and 
again making certain of absence of any leakage by observing the stability 
of the meniscus of the gas burette over a period of one to two hours. 
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The contents of the reaction bulb was then diluted and the pH measured. 
In those series in which the pH had been maintained during the run by con- 
tinuous addition of sodium hydroxide, the pH at the end of each fairly long 
run was found to be close to the original value of 11. The lignin solution 
was then acidified to a pH of approximately 2.5, heated to 90® C., filtered, 
and the washed lignin dried in the open air and then for 30 min. at 105® C. 
With these samples, melting point determinations were carried out, and after 
redissolving in sodium hydroxide and mixing with rubber latex, lignin-con- 
taining rubber crumbs were coprecipitated. 

(6) Oxidation Rates at 70° C. 

In experiments with deciduous alkali lignin, in which the pH was allowed 
to drift during oxidation, results as shown in Fig. 4 were obtained. Oxygen 



Fig. 4. Oxidation at 7QP C. — pH drift. 
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is absorbed at a fairly constant rate for the first 20 hr. This absorption is 
accompanied by a drop of pH from its initial value of 10.8 to approximately 9, 
and an increase ot'curs in the melting point of the lignin to approximately 
245° r., as determined by the oi)en-tubc method. Owing to the lower pH, 
the oxidation then slows up considerably, and so does the rale of decrease 
in pH. 

The progress of the reaction is quite different if the pH of the lignin solution 
is kept at its original value of around 11 during the whole oxidation by regular 
additions of small amounts of scxlium hxdroxide. As Fig. 5 shows, the rate 



of oxygen absorption is fairly constant over the investigated range, with 
only slight signs of slowing up as the absorption progresses. The melting 
point curve follows the same pattern, and lignins with high melting points 
are obtained at a fairly early stage of the oxidation. 
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By plotting the melting points and the pH values against the percentage of 
absorbed oxygen for both scries together in one graph, Fig. 6 is obtained. 
This figure reveals the rather surprising effect that the same percentage of 
absorbed oxygen raises the melting point of the oxidized lignin considerably 
higher when the pH was kept constant during the oxidation than when it 
was allowed to drop. 



In other words, higher pH in the lignin vsolution not only increases the 
speed of the oxidation, which results in a higher absorption of oxygen after 
a certain length of time, but it also yields lignins of higher melting points for 
the same amount of oxygen absorbed. Thus, the mechanism of lignin oxida- 
tion seems to detx^nd on the pH of the lignin solution. 
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Whether or not li^^nins of the same melting point, but oxidized at different 
pH values, differ could not be established, but there is no indication that this 
is the case. GR-S-containing crumbs, prepared from either lignin under 
othen\'ise identical conditions, have the same appearance. 

As shown in Figs. 5 and 6, experiments in which the pH was kept constant 
showed only a slight decrease in the rate of oxygen consumption, even after 
longer exfwsure. This would suggest that oxidized lignins, when subjected 
to further oxidation, could not be expected to show too great a reduction in 
the rate of oxygen absorption, when compared with lesser or even unoxidized 
lignin samples. Thus, the possibility of distinguishing between lignins of 
various degrees of oxidation by this volumetric oxidation method seemed 
rather slight. 

Nevertheless, ex|K‘riments were carried out to compare the oxygen absorp- 
tion b> unoxidized and oxidized deciduous, as well as coniferous alkali lignins, 
the pH being allowed to drift. The results are plotted in Fig. 7. The lignin 
characteristics at the start of the runs and after 20 hr. oxidation are given in 
Table IV. 

As indicated by h'ig. 7, both unoxidized deciduous and coniferous alkali 
lignins absorb ox>gen at approximately the same rate, with the same final pH. 
The oxidized lignins, as was to be exf)ected, took up oxygen somewhat more 
slowd> than the unoxidi/ed samples, but without showing sufficient diflerence 
to distinguish lignins of varying degree of oxidation. 


T,\BhK IV 



Melting point 
at start, ® C 

After 20 hr. 

1 \ po ol lignin 

Usi'cl 

Melting point, °C 

% oxjgen 
absorbed 

1 noMciized deciduous alkali 

lOS 

245 

40 

Oxidized deciduous alkali 

34*) 

Not at 300 

3 0 

Unoxidi/ed coniferous alkali 

208 

Not at 300 

50 

Oxidi/ed coniferous alkali 

Not at 300 

Not at 300 

3 9 


Non : The above reported melting points scere determined by the open-tube method 


What apparenth’ happens is that treatment of lignin with oxygen, on the 
alkaline side, first opens up new acidic groupings in the lignin molecule, but 
soon starts degrading the molecule more and more, forming low molecular, 
acidic degradation products, and causing the remaining lignin to assume 
increasingly lyophilic properties, and eventually completely degrading the 
remaining lignin skeleton. 

Fig. 7 also shows that unoxidized deciduous alkali lignin, when suspended 
in water and treated with ox^’gen at 70® C., undergoes only comparatively 
little oxidation, with an increase in melting point after 20 hr. from 169° C. 
to only 180° G., and correspondingly low oxygen consumption. 
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A sample ot dn uno\idi/ecl dec iduoiis tdkali lignin, when subjected lo ow jjen 
at 70°(\ tor 20 hr., showed no measurable oxyjjen consumption, with an 
increase in melting point to onl\ 177° ('. 

(0 Oxidation Rates at Temperatures Below ami Above 70^ C 
It seemed also to be of interest to investigate the rates of oxidation for the 
same lignin, under otheiwise identical conditions, at various temperatures. 

Results ot experiments of this kind aie shemn in Rig. 8. At temperatures 
below as well as above 70° (" , the rate ot oxidation seems to slow down. 
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The decre.use caused by the lowerinc; of the leaction temperature is obviouslj 
due to the ordiiiaril) observed temperature tiend of exothermic reactions, 
wheieas the decrease at tcmperatiues aimve 70“ ('. can probably be attributed 
to the decreasc-d solubility of the o\>gen in the lignin solution. 


Conclusions 

Although the oxidation lange that has been studied is rather small, yield 
determinations indicate that even in this narrow langc considerable amounts 
of lignin, up to 20%, are degraded to prcxlucts of acidic character, of sufficiently 
low mole cular weight to evade precipitation b> subsequent acidification. This 
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sujjfjests that more intense oxidation would probably break down the whole 
of the lijjnin moledile, as already observed by others, where.is mild oxidation 
causes primarily the lormation of carboxyl groupinjjs, without considerably 
chan}jinj< the internal structure of the molecule, as ah each suj^gested b\ hVeu- 
deiiberft. The meltinjj point of the lignin and its l^ophilic proix?ities are 
increased by continued oxidation, and, as alread\ pointed out, these* two 
properties seem to be mainly connected with and possibh resjKmsible for the 
reinforcing propeities in rubber. 

A survey of all the data obtained on deciduous alkali lij>nins of varying 
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TEST RESULTS 
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degrees of oxidation as well as of their (oprccipitates with GR-S latex is 
given in I'able V. The lignins disc'ussed therein aie arranged b> starting 
with unoxidized lignin ^(“Tomlinite”) aixl progressing through medium-oxidized 
towMrds overoxidized sam{)les, as indie ated b\ the increase in melting point. 
The filter tests on the precipit.ited lignins show the increase in their Ivophilic 
properties resulting from inci easing degree of oxidation, as indicated by slower 
filtering rate .ind a higher percentage of water content in the filter cake. 
The appearance of the dried cake also ch<ingcs gnidually, the cake being 
brown and powdery in the unoxidiztxl lignins, and turning giadualK black 
and horny in the “overoxidized” samples. 
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Also reported in Table V are the melting points obtained by the three 
methods, whose interrelation has already been discussed. The technique of 
oxidation used in the preparation of the lignins described in Table V did not 
allow a quantitative measurement of the oxygen consumed. 

However, volumetric experiments as outlined in the previous section have 
allowed an estimate of the amount of oxygen taken up by lignin for any 
given melting point. Thus the appropriate values obtained in this way have 
been included in Table V under the heading “% Oxygen Taken Up by Oxida- 
tion”. It appears that an absorption of 1.3 to 2.0% oxygen by the regular 
“Tomlinite” yields a lignin best suited as a reinforcing agent for GR-S, if 
coprecipitation is carried out between 80® and 90® C., and if the solutions are 
not too dilute. 

Also shown in Table V are other lignin characteristu s, such as copper 
number, iodine value, carboxyl number, methoxyl content, and visc'osity in 
cellosolve, the significance of which has already been discussed. 

The wet crumbs which were ('oprecipitated in a ratio of 2:1 at 80® to 90® C. 
from mi.xtures of 30% latex with 10% lignins of varying degrees of oxidation 
behave similarly to the corresponding lignins if coprecipitated under identical 
conditions in so far as filter times and moisture contents are concerned. In 
general the higher the degree of oxidcation, the slower is the filtering rate and 
the higher is the water content in the wet crumb. 

These lignin-containing crumbs were dried, compounded, cured, and tested 
in the manner previously described (5). The results obtained are shown in 
Table V and, assuming identical coprecijiitation conditunis, indicate poor 
reinforcement by imoxidizcd and very slightly oxidized lignins .ind good 
reinforcement by^ medium oxidized lignins. The reinforcement again becomes 
poorer for “overoxidized” samples, which are also harder to handle in milling 
and compounding. 
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RATION BISCUITS 

V. EFFECTS OF KIND AND CONCENTRATION OF VARIOUS 
CONSTITUENTS ON KEEPING QUALITY! 

By H J LI^s^ J B M vrshaii’, W. Harold WnmS 
^ND G A Grant* 

Abstract 

Ralion-t>pc biscuith commerciallv prepared accordinjj to i basic formula, 
with increasing levels of supple men tar> ingredients tested one at a lime, gave 
the following results tor flavor tests and chemical analyses when stored in sealed 
cans at 110° F for periods up to 88 weeks flavor score was improved b\ sugar 
and impaired by skim milk powder and salt peroxide owgen value of extracted 
fat was increased bv salt and decreased bv defatted soybean flour, fluorescence 
of a potassium chloride extract of defatted biscuit was increased by defatted 
sojlioan flour baking scxla skim milk powder, malt, and salt, and decrc ised 
b\ sugar, pH ot the potassium chloiide extract was increased bv defatted 
soybean flour and scxla, and dec leased bv skim milk powder and malt Shorten- 
ing stabilit> was 1 limiting factor in determining the relative eftecls of the 
othei components on biscuit keeping quality Biscuits cont lining all the supple 
mentarv materials had gcxxl keeping c|uality when a stable vegetable shoitenmg 
was used 


Introduction 

Previous papeisoii sinijile tormuld nition hiseuits from these laboratories 
clesc I ihecl efiet ts of shoitenmg:, nioistuie, and a number of piote m sufiplements 
on keepinj,^ qualit\ (4, (>, 8, Jl) However, the stabihU of lation biscuils 
might be influenced b\ the kind and concentration ot am constituent, and 
b> various interactions between added matenals Othc*r woik has indicated 
the stabilizing action of molasses and spices (9), sugai (3, 7) and wheat oil 
(12) m c dickers and the deleterious action of salt in piocessed cereal flake's 
(Id) I his papei ck'sciibcs experiments to dcteimme the effect ot some of 
the more ecjinmonh used mgiedients, singly and in eombination, on the 
keeping ciualitv of stoied biscuit material 

Materials and Methods 

hour sciies ot biscuits weie c omnieicialh piepared according to a basic 
formula, with extia materials added m concerntrations cxpicssed as peicentages 
ot the amount ot sott wheat floiii in the basic formula 1 wo tv pcs ol shoi tell- 
ing, animal vegetable and hvdrogcnated all-v'^c'gctable, were used The basic 
formula was 50 lb sott wheat floui, 5 lb shortening, b oz baking scxla, and 
water as lecjuired 

! Manuscript nun td July 28 

Contribution from ifu Division of ipplted Biotosy \ationiil Restarch J aboratorus^ 
Ottawa Issued as Paper Ac? 2S7 of the Canadian tommitUe on Food Presenation and as 
NRC No 2015 

* Biochemist, Fah and Oils Laboratory 

* Biologist, hood Investigations 

* Formerly Biochemist, Food Iniestigatwns, now Chemist, Imperial Oil Co , Ltd , Sarnia. 

* Formerly Technual Officer, Food Iniestigatwns, now li clinical Officer, Defeme Research 
Laboratories, Ottawa 
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111 Seiicb I (anmitil-vcgetable shortcnine: No 1) whole wheat flour and 
defatted so\bcan floiii weie each testcxl in three concentrations as substitutes 
toi pdvt of the bott wheat floui , and baking: soda was tried at hve levels (Table 
I) In Series II (h>dioi^enatecl vegetable shortening No 1) skim milk powder, 
malt, salt, and sugar weie tested as addthons to ihe basic foimula in the vary- 
ing concentrations showm in Fable II, and the amount of shoitening adjusted 
slighth when necessai\ to give a satistacton mi\ The same mateiials 
used m Senes I and II were usc*d in Series III (anim.il-vegetable shortening 
No 2), at single concentrations onh (the median values of the concentiation 
ranges in the hrst two senes), in oidei to cktermine the lelativc effects of the 
ditteient supiilements (Fable III) 

Ab It would have been laborious to cleteiminc' the results of simultaneous 
vanation of a laige numbet ol ( onstitueiits at sever al concentrations of each. 
Senes IV (hvdiogenatcd vegetable shortening No 2) w.is (ksigntci to test 
the eflect ol onnthng, one at a time, whole w heat floui , dekitted son bean floui , 
skim milk |3ow(ler, malt, salt, and sugar Irom a complete loimula (Fable IV) 
Whole wheat flour (40^ J) was suhshtuted for part of the soil wheat floui m 
the basic formula, and soybean floui (2(y(^), skim milk jiowdei (20^ p), malt 
(fl^t), salt (2 2 . 1 ^^), and sugar (20^ () were added to the basu loimula It 
w as iie( essai \ to adpist thesi amounts slighth as each supplenuMitaiv (onstit- 
uent was omiltc*cl m turn, but the total ol solt win it and whole wheat lloui 
was maintained at aO lb in each ot the batches Fhe ([uantitv ol shoitciimg 
was increased fiorn 5 lb to 8 lb 

Prelimuiaiv deteimiiiations ot lat and moistiiie (I) and ot nitrogen (J) 
showed that the desiied piopoitions had been satisfac tonh .ippioximated 
111 all the piepaiations Moisture contents weie all between (> tind a 

range unlikeh to Ctiuse stabilitv diffc'rcMKcs (8) Ihe biscuits weie stored in 
sealenl No I cans at 1 10° h , and sampled at eight-week intervals foi peiuxls 
up to 88 weeks Deterioration was assessed bv pcTo\ide owgen, pH, and 
fluorescence deteimmations, and bv flavor scores, ai cording to me'thods 
pieviouslv described (I, 8) Ihe lesults ol Series 1 and H were c‘\ammecl 
bv fitting legiession Imc's to the data loi each variable, and bv analvsc^s ot 
variance 


Results 

For all senes of biseaits, the flavor scores and perovide owgen values 
obtained at different storage times were i.ither iiiegular, whereas pH and 
fluoie*sccnce measuiements weie more consistent Pei oxide values tended to 
tall after reaching a m<i\imuni, while fluoieseeiice values tended to level off 
afte. <in early rise In general, howevei, peroxide oxygen and fluorescence 
values rose and pH values fell as the flavor of the biscuit materials deteriorated, 
but the magnitude and sfxed ot these changes varied considerably^ with the 
kind ano concentration of the supplementarv ingredients Graphical pre- 
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sentations of similar changes in biscuit material were made in earlier papers 
(4, 6, 8, 11). Mean values over all samplings for the different measurements 
are shown in Tables 1 to IV. 

Biscuits of Series 1 and 111 (animal-vegetable shortenings) remained 
acceptable lor 1() to 40 weeks, and those of Series II and IV (hydrogenated 
vegetable shortenings) remained acceptable for 72 to 88+ weeks. 

Series I and II 

To determine the effect of increasing the amount of each of the different 
materials tested, irrespective of storage time, the data for each group of 


T\BLE I 


MpAN \ M LI S OVl R mi S\M1*I INC.S for 2t wri KS IOR M 1 I*1N(. (^1 M 1I\ 
MJ Ahl Rl MI MS ON BISCl IIS SfORLD A I 110° F 

(Scries I, animal vcRctahlc shoilening \o 1) 





JVro\id(‘ 

pH of 

I'luoiesteiice 
of poLissium 
c hloride 

Supplc»menlar\ 

Flavof s(ore, 

valn(‘, ml 

potassium 

extrac t of 

iUHredicnt, 

% 


0-10 basis 

i of 0 002 \ 
thiosulphate 
per gni of 
cMracicd lal 

chloride 
extract ot 
defatted 
biscuit 

d( fatted biscuit, 
C oleman 
phoioOuoi o- 
meter units 

Whole ^^hcat floiii 

10 

7 b 

3 

0 8 

30 


25 

7 0 

2 

bO 

37 


10 

74 

4 

0 7 

38 

Delatlcd so\hcan 






flour 

1 

7 1 

12 

0 S 

44 


12 

73 

8 

70 

18 


20 

7 3 

5 

70 

51 

Raking soda* 

0 25 

0 0 

82 ; 

6 5 

23 

0.50 

0 2 

04 

0 5 

30 


0 75 

0 1 

18 

0 8 

12 


1 00 

0 1 

70 

0 8 

43 


1 25 

0 1 

1 30 

7 7 

48 


*1 licsc values represent total amounts of soda in the biscuit 


c'onstituents were first examined sep.iratel\ . ()nl\ three components gave 

siginfic'ant regression coefficients for flavor change \^ith ch.inge in concen- 
tration (Table \"). Increasing the amount of skim milk powder or s*dt was 
detrimental to flavor score, while additional sugar tended slightK to improve 
it. Additional amounts of scxla tended to depress flavor at 8 and 16 weeks* 
storage and to increase it at 24 w^evks, but showed no effect at the other 
sampling periods. Whole w'heat flour, defatted so\bean flour, and malt had 
no demonstrable concentration effect on flavor 

On the average, peroxide oxygen value decreased with additional amounts of 
soyl>ean flour, and increased with additional amounts of salt, but was insensi- 
tive to changes in quantity of the other ingredients. 
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lABLF II 


Ml AN VU I ES 0\ FR ALI S\MI*1 INCiS FOR 88 WFl KS FOR KEEPING QUALITY 
ME\SURI MFNTS ON BISCl IIS STORl D AT 110® F 
(Scries II, hydrcM^enated vegetable shortening No 1) 






Fluorescence 





of potassium 



PeroNidc 

pH of 

chloride 

Supplementary 

h lavor score, 

value, ml 

potassium 

extract of 

ingredient. 

0-10 basis 

of 0 002 A 

chloride 

defatted biscuit, 

% 


thiosulphate 

extiact of 

Coleman 



per gm ol 

defatted 

photofluoro- 



extruted fat 

biscuit 

meter units 

Skim milk powder 4 

6 I 

2 

6 1 

20 

12 

.5 b 

2 

bO 

33 

20 

52 

2 

bO 

43 

Malt 2 

bS 

2 

5 0 

27 

4 

b8 

2 

57 

32 

b 

bO 

2 

57 

39 

Slit 0 75 

bO 

3 

5S 

20 

1 50 

()0 

3 

5 8 

10 

2 25 

bb 

5 

58 

24 

Siigir 4 

74 

2 

5 0 

17 

12 

75 

1 

bO 

13 

20 

76 

2 

5S 

13 


pH tended to diminish with idditional skim milk powder and m dt, and 
to imreise with idditional soda (as expected) and so\l)ean flour It was 
unafleited h\ variation in amounts ot whole wheat floiii, salt, and su^ ir 

I luoresc eiK e w is increisid m vaiMiit* degiee b\ the iiit oi poiation of 
additional amounts e)f son bean lloui, soda, skim milk powdei, milt, and salt, 
but was reduced In added siu» ir VarMiu* the amount ot whole wheat flour 
produced no su>nih( int c ham^c 


1 \BI h III 

Ml \N N \I l I S ON FR NT I S\MI I 1N( S I OR 24 \M I KS I OR RFl 1 IN(. QT VI n\ 
MI VSl RT MI NTS ON BISCl IIS SIOKT J) AI J J0‘' 1 

(Sines 111, inimil-vej^clibli shoitenine No 2) 


Supplinuntarv 

ingredient, 

% 

1 

Flivoi score 

0 10 basis 

Peroxide 

V due ml 
ot 0 002 \ 
thiosulph itc 
per gm ol 
extricUd f it 

pH of 
potissium 
chloride 
extru t of 
del itted 
biscuit 

1 liiortscinee 
of potassium 
c hloride 
extract of 
defatted biscuit, 
Golem in 
photofluoro- 
meter unit‘d 

Whole wheat flour 

25 

b8 

11 

b 4 

48 

Defatted so> bean 
flour 

12 

66 

8 

68 

41 

Baking soda 

0 75* 

6 5 

\ 

b8 

20 

Skim milk powder 

12 

bO 

2 

b b 

41 

Malt 

4 

6b 

2 

6 5 

52 

Salt 

1 5 

62 

14 

65 

27 

Sugar 

12 

b5 

14 

68 

25 


*Thi\ valu^ represents the total amount of soda in the biscuit 
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TABLE IV 

Mean values ovfr all samplings for 88 wi eks for keepinc. quality 

MEASURbMI NTS ON BISCUITS STORED AT 110** F. 

(Series IV, hydrogenated vegetable shortening No? 2) 


Supplementary 
ingredient 
omitted from 
tomplele 
formula 

Flavor score, 
0-10 basis 

Peroxide 
value, ml 
of 0.002 N 
thiosulphate 
per gm of 
extracted fat 

pH of 
potassium 
chloride 
extract of 
defatted 
biscuit 

Fluorescence 
of potassium 
chloride 
extract of 
detatted biscuit, 
Coleman , 
photofluoro- 
meter units 

None (complete) 

6 4 

2 

5 0 

91 

Whole wheal flour 

6 5 

2 

6 1 

77 

Defatted so) liean flour 

7 1 

2 

6 3 

52 

Skim milk powder 

70 

4 

65 

41 

Malt 

6 4 

2 

(i 1 

()2 

Salt 

67 

2 

6 0 

85 

Sugar 

6 2 

2 

51) 

89 


For those constituents showing: no effects related to concentration, the 
question remained whether thev nevertheless incxlified the characteristics of 
till biscuits in which thev w’ete present, reg^ardless of amount. Suitable com- 
parisons could be made onl> among: biscuit groups prcjiared with the same 
shortening. Aiial>&es ol variance of the comparative flavor stoies for whole 
wheat and soybean flour biscuits demonstialed a more rai)id deleiioration ol 

1 \BLh \ 

\m RU.l CIUM.rs IN MI \srRI MINIS Ol K1 I PINl, Ql VLIIV C)I 
BISCl IIS SlORl I) \T 110 T FOR I ACH PI R Cl N 1 
INCRIASI IN CON Sim I NT CONCI NIRATION 

(5x"nes I and ID 


Keeping qualit> 
measuiemenl 

Constituent 

Regression rcx*tticients,* 
representing change in 
keeping qualitx measure- 
ments tor each per cent 
increase* in constituent 
concentration 

Flavoi score, 0-10 basis 

Skim milk powder 

Salt 

Sugar 

06 

- 21 

01 

Peroxide ox v gen value, ml of 0 002 N 
thiosulphate per gm of extracted fat 

Defatted soxbean flour 
Salt 

^ 42 

233 

pll of potassium chloride extract of de- 
fatted biscuit** 

Defatted sox bean flour 
Baking soda 

Skim milk powder 

Malt 

.02 

86 

— 01 
— 02 

Fluorescence of potassium chloride extract 

Defatted sovbean flour 

44 

of defatted biscuit, Cc^leman photo- 

Baking soda 

10.53 

fluorometer units 

Skim milk powder 

141 


Malt 

306 


^It 

2 61 


Sugar 

— 26 


*0nly stahsttcally significant coefficients {5% level) presented. 

**As pH values are logarithmic, changes of the same numerical magnitude in different pH ranges 
are not equivalent. 
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the latter during storage. Peroxide oxygen value was higher at the earlier 
sampling times in the sodium bicarbonate biscuits than in those containing 
whole wheat flour; it was signilicantl}^ lower at tO to 56 weeks in biscuits 
containing sugar than in those having skim milk powder or malt; but these 
differences were not evident at other sampling times for the same materials. 
Hiscuits containing salt or sugar did not differ in pH changes. 

Series III 

Measurements for Series 111 biscuits (animal-vegetable shortening), shown 
in Table III, indicated a somewhat different relative effect of supplementary 
( onstitiients than did the measurements for the corresponding batches ol 
Series 1 and Series II biscuits. Whole wheat flour and defatted so>bean 
flour biscuits w'cre onlv slightl> superior to the s(Kla batch in fl.ivor, and had 
higher peroxide tind fluorescence v.ilues. In the presence ol the animal- 
v'egetable shortening, sugar appeared to have little effect either in imi)roving 
flavor or preventing lormation of peroxides in the fat Ir.ution. Skim milk 
powder appeared to have a stabilizing effect, as opposed to its undesirable 
tiction in Series 11 with the more stable (vegetable) shortening. However, 
the .i( lion ol salt was deleterious, as before. 

Series IV 

The results for the series in wdiich individual constituents were omitted, 
one at a time, from a complete formula (I'.ible IV) showc'd that tlu‘se s*imples 
differed very little in keeping (jiialitv, all remaining a(('ept«ible lor 80 to 88 
WTeks at the storage temperature of 110® F. 1'he sample without skim milk 
powder appeared to differ most widely from all others in the grouj), having 
relativelv gocxl fl.ivor, high pH, and low fluorescx*nce but high peroxich* vMlue. 
The omission of defatted sovIkmh flour also appeared to improve the flavor of 
the biscuit matcTial. 


Discussion 

A variety of effects due to variations in ('onstituents is possible in bisc uits, 
«ind some of those desc ribc‘d have appaicMitlv not b(‘en lepoited heretofore. 
The improvement of Ikivor with incTcMsing .imounts ol sugar could be 
expected, sinc'e sugar at high c'onceitt rat ions functions as an antioxidant tor 
fats (3, 7) and its t.iste can serve to mask unplcMsant flavois Scxla may 
improve flavor and maintain a desirable pll bv neutralizing acidic prcxlucts 
of fat deterioration, but an exc'ess iinjiarts a characteristic, unpleas*int taste. 
The use of higher alkali c'onc entrations also causes more gasilication, which 
allow s c'oloring and scorching to take pLice more easilv during baking, and 
scorching leads to a decrease in keeping cpialitv (12). The sugars in malt and 
skim milk powder should function as stabilizers, but the action of the malt 
and milk powder is no doubt complic'atcxl by their content of protein and 
other materials. The action of salt in ac'celerating rancidity may be due to 
the presence of other chlorides as impurities (5). Whole wheat flour should 
function as a better stabilizer than soft wheat flour bec'ause of its greater 
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content of natural antioxidant material. This is in line ^vith the observation 
that the addition of starch to soften a flour gives poorer biscuit keeping (luality 
(9). Full-fat soybean flour is said to be an effective antioxidant, but this 
property may be diminished when the flour is defatted (10). However, flour 
prepared from extracted soybean meal stabilized both diy pastry mixes and 
baked pastry (2). 

It should be noted that the poor stabilitv of the shortening used in the 
whole wheat flour, soybean flour, and s(xia groups of Series 1 ma\ have influ- 
enced the results obtained with varying concentrations of these materials. 
'Phe relative effects of different addcxl materials also ai)peared to depend on 
the ly pe ot shortening used. For example, skim milk powder, which improved 
biscuits prepared w^ith animal vegetable shortening, appeartxl to have the 
oi)posite effect in the presence of the more stable hydrogenated vegetable 
shcjrteiiing. The data support earlier evidenc'e ((>) that shortening stabilitv 
is a limiting factor in bisc uit stonige life and suggest that bisc nits of good 
kc'eping qualit\ can be fireparecl containing any' ot the supplementary mate- 
lials described, if a stable vegetable shoiteiiing is used. 

The obseived \aiiation in the cjbjcx tiv'e nieasureinents with nature .incl 
concentration of the supplementarx ingredients emphasizes the importance of 
supporting these objective estimates ol cjualitc with palatabilit\ tests. 
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THE ADSORPTION OF SODIUM MYRISTATE BY 
CARBON BLACK! 


By M \rguerite A. Rkade^ A. wS. Weatiierhurn,® and C. H. Bayley’ 

Abstract 

The adsorption of sodium mviistate from 0 1% aqueous solution by a series of 
carbon blacks and an activated charcoal has been measuied at 70° C In every 
case a preferential adsorption of fatt> acid was observed The extent of adsorp- 
tion ol both the fattv acid and alkali components of the sotip increastxl with 
decreasing p<irli(le si/e, i e , with increasing surface area, of the carbons The 
adsorption b> activated diarcoal was considerably higher than that obtained 
with even the linest of the carbon blacks. 

During the course of studies in the field ot detergency currenth in progress 
in these Liboratories, it became of interest to investigate the adsorption of 
soap on carbonaceous mateiials used as fiber-soiling media. A previous paj^r 
(3) gives data relating to the atlsorptioii ol various pure sOfips on one carbon 
(stand.ird Mirronex) which ma\ be regarded as t^ piral ot the carbons employed 
in detergent \ studies. 'I'he prescMit paper gives data relating to the adsorp- 
tion ot one soap h\ a range of carbon blacks, diftering in pin sic, il properties 
and metluxl of manutacture. The lesults indicate that the conclusions 
reached with respect to the selective adsorption ot tatt> acid by Micronex 
are not specific for that carbon, but aie applicable to carbon bl.it ks in general. 

Experimental 

Stxiium myiistale that had been prepared for the previous work on the 
adsorption of soaps b\ Micronex (3) was used throughout the present work. 

The carbon blacks studied are listed in Table I, the data foi me.in particle 
diameter, surface area, and struc ture index being obtained Irom maniit.ictureis’ 
literature (1, 2, 4). 

The concept of “structure” in carbon blacks h.is been disc ussc^d by Sweitzer 
and Gocxirich (2) and by Weig,ind (4). For mam carbon bl.uks, certain 
properties, such as bulk density, sedimentation volume, liquid adsorption, 
and effect on the phy\sical properties of rubber mixes, may be correlated 
with particle size. Such carbons arc said to have a normal sti uc ture. Certain 
carbons, how^ever, deviate from the normal in that they give values for the 
above proi)erties that arc either higher or lower than those that would be 
predicted from their particle si/cs. “Structure index” is defined as the degree 
of oil adsorption (determined under standardized conditions) compared with 
the oil adsorption of a normal carbon of the same particle size taken as 100. 

‘ Manuscript received July 7, lOJ^O. 

Contribution from the Division of Chemistry, National Research Laboratories, Ottawa, 
Canada, Issued as N R,C. No. 200S. 
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TABLE I 

Adsorption or sodium myristath by various carbons 






Adsorption, mil1imole<«/gm carbon 

Carbon 

Mean 

particle 

diameter, 

m/i 

Spec ilic 
surface, 
m */gm ‘ 

Structure 

index 

No ot 
dtler- 
mma 
lions 

Falt> acid 

\lkali 

Neo Spextra II 
Superba 

F \celsior 

Standard Micronex 
Statex B 

Aret\ Ic ne black 
P->33 

Lampblack 
Ccxoaniit shell 
chit coal 

12 7 
16 

20 

28 

31 

id 

74 

97 

205 

163 

134 

95 

75 

65 

37 

23 

100 

100 

100 

100 

100 

300 

60 

200 

12 

4 

8 

4 

8 

8 

12 

20 

4 

0 662 =b0 00<l 

0 I68±0 004 

0 329 iO 003 

0 220d:0 005 

0 180±0 004 

0 163±0 001 

0 103i:0 007 
0]22d=0 00() 

0 980±0 002 

0 603d=0 012 

0 127 ±0 005 

0 280±0 003 

0 150±0 002 

0 104±0 003 

0 111±0 003 

0 058 ±0 002 

0 08()±0 00l 

0 466±0 00) 


^Ri calculated from manufacturers' data, whuh is given in acres per Ih 


I oi purpose of (omparison with the (arbon blacks, adsorption measure- 
ments were also earned out on an activated cocoanut shell charcoal This 
maternal had been steam activated, and piioi to use was ball milled to pass 
a 200 mesh sc reen The ma\imum pai tic le di*imeter was thus about 7 t/u, but 
the ivailable surface trc'a was undoubtc*dl\ much laicjer than this diameter 
would indicate, owinc> to the poiositx of the maUiial 

The mcthcxl of determining: aclsoiption has been described pieviousK (3) 
It consists esscntialh of shaking a weighed amount ot caibon with soap 
solution, liltcring oH the caibon, and deterimning the tatlx acid and alkali 
content ot the hltrate 

Pielimmaix attempts wc*re made to use scKliurn stearate as the adsorbate, 
since It had been shown pieviousK that this soap is higliK adsorbc'd b\ Micio- 
nc\ (3) Howevei , it was found that lor man\ ot the carbons the susjxiiding 
and or solubilizing powc^ ot sckIiuiti stearate was so gieat that clear hltiates 
c ould not be obtained 1 his diftic ult\ was eliminated when scKlium ni> ristate 
was substituted as the adsorbate, and c onsequentK this soap w«is used thiough- 
out the ])iesent work 

The aclsoiption of scxlium nixiistate trom 0 aqueous solution at 70° C. 
was cletei mined for cMch oi the carbons Prioi to the adsorption measure- 
ments the carbons were tested foi extractable acid oi alkali b\ shaking with 
boiled out distilled watei in a mannci siimlai to that emploxecl in the adsoip- 
tion measurements, hlteimg off the carbon, and determining the acid oi alkali 
content ot the hltrate No titra table amount ot acid or alkali was obtained 
from an> of the carbon blac ks, but the cocoanut shell c h.ircoal gave an amount 
of alkali equivalent to 0 1 49 millimole per gram The value toi the adsorption 
of alkali from soap solution was therefoie low b> this amount, and was cor- 
rected bv adding 0 149 to the appaient adsorption obtained The results are 
given m Table I and Fig 1 
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I I I 1 t 1 I I I I 1 

300 200 100 80 70 60 50 40 30 

SPECIFIC SURFACE Sc^.ineters / 

Fi(. 1 

Discussion 

In evcr\ c<isc the adsorption of the lalt\ add ( oinponent ot the soap was 
j^reater than that ot the alk.di ( oinponent This is in ai>ieeineiit wdth data 
previousK olnained for lMicrone\ (3), and indicates that this jiropeitN is not 
specific lor Micronex but is i har,u tenstic ol c arbonac eons inatei lals in ^enc'ral 

The «idsorption of both t«itt> acid and alkali iiuie.isc^s in a le^ul.ir manner 
as the paiticle dkimeter becomes smaller, ie , as the suilace area becomes 
jjrcMter It is inteiestim* to note that the adsorption ol both components 
of the soap b\ the high structure caibons acetxlene black and lampblack 
falls above the curve for the normal vStrticluie carbons, whereas the adsorption 
b\ the low structure c«irbon 1^-33 falls below it This is in acc'ord with the 
foregoing discussion ot carbon structure 

'fhe adsorption ol soap b\ cocoanut shell charcoal was considerabl> higher 
than that obtained with an\ ol the caibon blacks. This ma> be attributed 
to the porous nature ol the material resulting in a ver> large si>ecific surhice. 
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THE “BROWNING REACTION” IN DRIED MILK POWDERS 


By J B Mostcr^ vnd R A Cii \pm \n* 

Abstract 

Heated ind stored dn* d milk powders showeel a marked loss of imino nitrogen 
as determined l)\ the \ an Shke voliimeirie method, but no loss uas observed 
when the forinol titr-ilion was used I itration c urves of the ponders sugi,esitd a 
ineehanism for the protein siig ir condensation I he heating ot svnthctir 
mixtures of ammo aeids and kutose n suited in intense bro>\ning, leeompanied 
bv a loss of amino nitrogen when a laige exeess of lactose ts emplo\ed but 
no loss (Keiirred i^litn eqinl paits of sug^r and ammo and were present 


Introduction 

I he technique ot pieseivini* food b\ dr\ing has impioved lapidh during 
the past decade However, even nuKlein protessing methods do not prevent 
delei loiation of delndiate'd loods tor indehnite peiuxls This inst<ibiht\ has 
been paitieulaih appaient under the drastic ccmditions eneountered b\ the 
armed sei vices and consequenth a eonsiderable amount of research is being 
conducted in this held I he piesent investigation was undei taken to stud> 
the ehemieal piocc^sscs involved in the “bicmning reaction’’ in diied milk 
powdei, since an iindei standing of the fundamental nature of the leaction 
should be of value in pievciiting its occiiiiemc 

Kasb and Palmer (3) and Josl^n (2) have u‘vie\ved the “biowning leaetion” 
in loocl picxluets I he sc papeis i(\ealcd ih U some investigators hive lound 
evidence of the loimation of a piotcin-sugar complex Other uorkeis have 
been unable to detect am dec lease in ammo nitrogen aftcT biowning had 
oec Hired, and the\ have coneludenl that the reaction involves a piotean- 
calahzed degiadalicm ol the siigai tollowed b\ a phxsieal adsoiption ol the 
bicMkclown picxiiirts on the piotein 

l.ea and White (5) have receiuK rc^poited a loss of ammo nitu^gen dining 
stoiage of dried milk powder as delei mined In both the \ an Shke volumetric 
and the formol litiation mclhcxls I he dee lease was signihcanth greater 
when the Van Shke teehniqiie was eniploved 1 hc*se workeis ha\e suggested 
thtit the basic character of the ammo group ma\ not be suHieitnth weakened 
b\ the initial leaetion it undergoes during detciioration ot the powder to 
pi event paitial titration under the conditions of the torniol estimations 

‘ Manuscript rtceiud hify 0 V)4*) 

Contribution from On Dtpartimnt of Chemistry Faculty oj Af^rii ullure {McGill inner- 
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the Army 
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In general the results obtained in this investigation confirm those of Lea 
(4) and Lea and White (5). In addition, information has been obtained, 
which, it is believed, will further elucidate the “browning reaction”. 

Experimental 

Amino nitrogen was determined b\ the Van Slyke volumetric and the formol 
titration methods. A 30 min. shaking period was employed, for the Van 
Slyke method. Milk powders, reconstituted in distilled water, tended to 
foam over in the gas burette of the \^an SKke apparatus when treated with 
glacial acetic acid and sodium nitrite Excessive toaming could be prevented 
b\ placing the reconstituted milk in a boiling water bath and agitating it 
vigorously with a mechanical stirrer tor 15 min. This mild heating treatment 
did not result in an> noticeable browning ot the reconstituted milk, nor was 
there any measurable change in the tormol titration values or in the dissocia- 
tion pro[K‘rties. Ten grams ot milk powder was letoiisiituted in about 40 ml. 
of distilled water and, alter cooling, the volume was made up to 50 ml. Amino 
nitrogen was determined on 10 ml aliquots. 

Lev\ (0) has reported that ma\imum a((uia(\ m the tormol titration ot 
amino acids was obtained wdien neutiali/ed tormaldehxde was employed «in(l 
no iorreition wms made loi a blank It was lecommended that the concen- 
tration of toimaldeh>de should be between 0^ ‘^^d 0^ o at the emi of the 
titration 'Fhese lecommendations weie adopted in the ])resent investigation 
The titiation was carried out between pH 7 0 and jill 9 1. 

Measurements ot pH weie male with a Beckm.in pH meter (Model (i), 
equipped w^ith a standard gkiss electrode assembh . The lollownng procedine 
was employed. Ten grams ot milk powdei was leconstiluted in 200 ml. of 
distilled WMter, and the pH was adiusted to 7. Si\t\ milliliters of neutralized 
AiV/'i formaldehyde was added and the solution was titrated at 25°(\ to pH 
9.1, with 0 1 N sodium hv^li oxide. The solution was vigoiouslv agitated 
wnth a mechanical stirrer while the pH readings were being made The rate 
ot addition ot the stand.ird solution and a titi.ilion peiicxl ol seven minutes 
WTre c'aretulh (ontrolled tor all determinations. 

Samples of fresh, heated, and \er\ stale* whole milk powdei s weie examined. 
1'he heated sample was prejiaied b\ heating a fresh milk powdei at 100® (\ 
for two day s. The loss of volatile substances dm ing the heating ot the powder 
was determined, and an amount ol the heated samples equivalent to 10 gm. 
ol the fresh sample was employed for the amino nitrogen and the titration 
curve experiments. Only one suit.ible stale s.imple of milk pow^der was 
available at the time of this investigation. This sample had been stored 
for four v'ears in an unheated room in a container with a slip-on cover. The 
results of the amino nitrogen determinations are presented in Table I. 

In the titration curve experiments, the milk powders were titrated at 
25® C. between pH 6 and 11.3. The pH readings were taken with the same 
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TABLE I 

The free amino nitrogen content of fresh, heated, and 

STORED SPRAY-DRIED WHOLE MILK POWDERS 


Sample 

1 Mgm. of amino N per gm. of milk powder* 

Van Slvkc 

Formol 

Fresh 

2.93 

3.04 

Heated 

1.73 

3.71 

Stale 

lf>5 

3 53 


*Dry weight. 


pH meter used for the formol titration. For all readings above pH 9, a 
Beckman “Type E“ glass electrode was used. 

In order to minimize the error caused by changes in ionic strength during 
titration, sufficient sodium chloride was added to the reconstituted milk to 
make the solution 1 N. The solution w\is titrated with 0.1 N sodium hy- 
droxide to wdiich had been added sufficient sodium chloride to make it 1 AT 
with respect to the scKlium ion. It was assumed that the contribution of the 
milk ix)wdcr to the ionic strength of the reconstituted solution would not be 
appreciable. Since only 10 gm. was reconstituted in a liter of distilled water, 
the effect on the ionic strength of diluting this volume with a 100 ml. of the 
standard solution would be negligible. 

The titration of milk powder was carried out in the following manner. 
1'en grams of the powder was reconstituted in 500 ml. of distilled water, 58.5 
gm. of s(xlium chloride w^as added, and the volume was made up to 1 liter. 
The electnxie was then standardized and the solutions, in turn, wxTe adjusted 
to pH 0, using 1 N h\drochloric acid. An aliquot of standard alkali was 
added to each of the samples and the pH of each was taken. 'Fhe electrode 
was then restandardized, and, if any change in asymmetry potential had 
()C(‘urrcd, the meter wms readjusted and the pH of the solutions w’as taken 
again. This procedure w’as continued until the titrations were complete. 
Samples being compared were always titrated at the same time. 

A blank solution, consisting of 1 liter of 1 N sodium chloride was titrated 
in a similar manner and at the same time as the milk powder samples. The 
volume of standard .solution required to bring the blank to a particular pH 
was subtracted from the volume required to bring the milk powxler solution 
to the same pH. The volumes thus obtained w^ere then plotted against the 
pH values. 'I'he acimracy obtained by this method became progressively 
smaller as the alkalinity of the solution increased. Thus, it was found that 
above pH 11 it was not possible to obtain reliable results. However, this 
has not proved to be a serious hindrance, since a satisfactory study could be 
made on the portion of the curves below pH 11. 

The titration curves of the milk powders are presented in Fig. 1. A number 
of other fresh and heated samples have been titrated, and in all cases similar 
results were obtained. 
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^ Ui 1 Fttration turns o* Irish, htnttd and sUik milk poitdirs {10 i^m of milk /xiudir in 
1 I of Kutcr iistd in tath tost) 

LxpeiiiiKnts, siniil«ii to ihost (airi d out on the milk powcUis, weie also 
made on simple ammo .u id ku tose s\ stems \t the time that this lescaidi 
pioiect was teimin<ited, this pnition ol the m\estii>.ition had not been salis- 
laetoiiK completed Iheieloie onl\ ccilain paitb ol these cxpeiimcnts <ue 
bemu: lepoited 

Synthetic mixture's ot ^hcine .ind 1 u tose, .iiul hsme monolndioc hloi ide 
and lactose v\eie made up in two concentiatio is (1) 1 ji.u t b\ weight of the 
amino acid to 13 parts ot the suaai an 1 (2) equal paits ol each eoiistituent 
riie'se mixtuies weie jiiepaie I aiul ticMtc'd .is described in I able II In all 


I Mil L II 

I OSS Ol WIIM) MiROt.l N IN SWiHl nc MIXII RI S Ol \MINO\CU)S 
\NF) I \CIOSI 


Pri*p.iration* 

Treat me nt 

! 

Ol\ i me 

1 ilio h\ 

0 loss of amino niiioci n 

Cl lactose 
* weight 

lac lost 
>\eiehl 

L\ sine IK 
ritio b> 

1 emp , 

“C 

1 ime 

1 13 1 

1 1 

I 13 

1 1 

0) 

130 

2 cJa\s 

20 3 

0 



(2) 

100 

7 hours 

39 2 

0 

28 8 

0 

(3) 

115 

2 tla\ s 

ISS 

0 




*(/) Components ground logethtr 

{2) Components ground together and placed in a tiostd vessel over a saturated solution of 
soafum nitrate 

\d) C wiponents mixed, dtssolvtd in distilled uater, and dried from the froztn itate 
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cases, control samples ot amino acid alone and lactose alone were treated 
in a manner similar to the treatYnent of the synthetic mixtures. No signifi- 
cant browning occurred in the controls. In the mixtures, treatment A\ith 
moist heat produced the darkest samples, the l^ophilized samples were inter- 
mediate, and the mixtures prepared bv the first method were the least dis- 
colored. 

After being treated, the mixtures were dissolved in distilled water, and 
suitable aliquots were taken for Van Shke amino nitrogen determinations 
A five minute shaking period was used for the ghtiiie mixtures and a 20 min. 
pericxl tor the hsine mixtures. 'Phe results are presented in 'Pable IT. 

Discussion 

It is seen from the results in Table I that the amino nitrogen of the fresh 
sample, as determined h\ the volumetric technique, is about 20^ ^ lower than 
the value obtained b\ the tormol titration. 1'his difference ma\ ha\c been 
the result of an incomplete reac tion betw^een nitrous .uid and the milk protein, 
bill, more likc‘h , was clue to the fait that substances or giou|>s, othei than 
ammo gioups, weie titrated in the formol titration. 

The results also show that the Van Shke volumetiii technique gave much 
lowei values lot the stale and heated milk powders than foi the frc‘sh sample. 
However, corrc‘spondmg cliffeiences weie not obtamcxl when the tormol 
till at ion method was emplovecl. 

An explanation toi this dilfetence mav be obtained on examin«ition of the 
cuives m Fig 1. It is seen that the heated powder has more titiatable 
gi(ni|)s betvNeen pll b and 9 25, Most ol these groups would be titrated in 
the loiniol titi.iticm It the number ot amino groups lost diuing browming 
equalled the luimbei ot new ti t ratable gioiips tormcxl, then the foimol titration 
would not indicate anv loss of ammo nitrogen. The rc‘sults described niav 
be c*xplaincxl bv assuming that the “browning reaction'’ involves a condensa- 
tion ol the free amino gioups ot the milk protein with either lactose or 
dec omposition products ot lactose, to foim a compound cont.iining a sec'ondarv' 
or teitiarv amino group. The mechanism of such a condensation mav be 
similar to the geneiallv accepted mechanism tor the rcxiction between for- 
maldehvdc and amino acids This reaction, proposed bv’^ Balson and Lawson 
(1) and Levv and Silberman (7), is repiesented bv the following equation: 

R NHi + nw -tR NH C'HoOIl + CH^O R \ (CH20II)2 (1) 

('ompound A Compound B 

It is usually consicleied that the majority of the tree amino groups of milk 
protein are c-amino groups of Ivsine. The pK' value of this group is 10.5. 
Bv the mechanism sugi?ested, for every €-amino group reacting, a less basic 
group would be formed. This would account for the additional titratablc 
groups observed betw'een pH 0 and 9.25 in the heated milk powder. 
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The dissociation properties of the condensation products corresponding to 
compounds A and B in Equation (1), would depend on the number, nature, 
and size of the groups that ha\[e replaced hydrogen on the nitrogen atom. 
Therefore, by the proposed reaction or by a reaction similar to it, it would 
seem possible to form a compound that would possess the same dissociation 
properties as the original €-aniino group. For this reason, the fact that the 
titration curves of the fresh and stale* powders are similar does not necessarily 
discredit the suggested mechanism. , 

The results in Table II show the eflFcct of sugar concentration on the sugar- 
protein condensation. It is seen that browning can occur with or without 
any loss of amino nitrogen. Variations in the concentration of constituents, 
and in other simple conditions, are probably the causes of many of the dis- 
crepancies that have occurred concerning the loss of amino nitrogen during 
browning ot food products. 


Acknowledgments 

The authors wish to thank Dr. R. II. Common for his helpful advice in the 
pret)aration of the manuscript. 

A grant from the Swift Canadian Company, Limitetl, Toronto, is gratefully 
acknowledged. 


References 

1. Baison, K. VV. and Lwvsos, \ Biochem J. 30 : 12.‘)7-1203. 103() 

2. JosLW, M. A Ind Chem 33:308-314. 1941. 

3. Kass, J. V. and Falmi R, L. .S. Ind. Eni; Chvm 32 : 13()0-13r)r). 1940. 

t. Lf\, C. n J Dairy Kcsc\irrh, 15:309-370 1948. 

5. Lh\, C. H. and White, J. C. D. f. Dairy Research, 1.5 : 298-310. 1918 

0. Liay, M. j Biol ('hem. 105 : 157-10.5. 1931 

7. Lfvy, M. and Silbfrmvn, D E. J. Biol ('hem. 118 : 72.3-734. 1937. 

* One other stale powder was investigated. The results of the Van Slyke and formal amino 
nitroffen and titration curve experiments were very similar to the results obtained with the heated 
powder. However, this stole powder was not a normal sample, and therefore the results are not 
reported. The powder had been used for some previous experiment and a number of its constituents 
{particularly the fat) had been removed or rephued. and other components had been added. 



435 


THE OXIDATION, IGNITION, AND DETONATION OF 
FUEL VAPORS AND GASES 

XII. THE HIGH COMPRESSION RATIO OTTO CYCLE GAS ENGINE 
AND THE ADVERSE EFFECT OF HIGH JACKET TEMPERATURES 
ON THERMAL EFFICIENCY* 

By R O. King,® Edwin J Durvnd,’ and J. Ali x. Morrison^ 


Abstract 

Town gas was used as the fuel for the C F R engine dining a senes of engine 
trials run at a compression ratio of 10 . 1 and at jacket temperatuies of 140°, 
212°, 302°, and 351° F 1 he mixture strength at each jacket temi5eratiirt 
was varied from the weakest to the richest on which the engine would run 
steadih Ihe object of the trials was (1) to determine the effect of jitket 
temperature on thermal efficicncv and (2) to compaie the perlormance of an 
Otto c>tle engine run at 10 . 1 compression ratio with that of a compression 
Ignition (Diesel) oil engine 1 he results of the trials show that therm il eftiricnc\ 
decreases as the jacket temixTaturc is raised, that is, the dec lease more than 
offsets the gain due to du rcase of heat 16ss during combustion anil expansion 
It is indic.itccl b\ the character cjf the lesults and by experiments desetibed 
earlioi that the observed loss of efficiency is clue to flameless suifacc i ombiistion 
of the fuel during compression I he perfoimance of the C F R engine running 
on town gas at 10 1 compicssion latio as compared with that of a compression 

Ignition oil engine running at 12 1 was suiierior in resixet of maximum power 
(I M r 1’ ) developed and lange of quahu contiol and not greath inferior in 
respe c t of t hernial c flu lenc \ 


Introduction 

It wah shot\n bv oxpcniiUMilis tlesciibed in Part VI (3) that t(n\n ^as, con- 
taining hycliogcn in Luge concentration, could be usc‘d ab fuel tor an Otto 
c\(le engine at conipiession latios as high as 10 * 1, it precautions wcie taken 
to pii'vent the accumulation m the combustion space ot finely divided caibon 
arising from pyrolysis ol the lubricating oil. The powei measurements made 
during the e\peiimenls were of a prcliminaiy character but sufficed to show 
that the incieaseot compression ratio beyond the 5 * 1 commonly used, made 
possible by avoicLincc ot nuclear ignition, was accomp.inicd by a c omincnsurate 
inc rc'ase in power and thcTmal efficiency. 

The C F R knock testing engine, bclt-connec ted to a d-c generator, wms 
used tor the experiments mentioned. Measurements ot power output and 
friction loss were m«idc consequcnllv by indirect mcthcxls and ac'curacy 
suffered accordingly. The experimental results of this Pait were obtained 
after a swinging field electric dynamometer had been direct connected to 
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the engine, and it is consideicd that an acceptable accuracy of measurement 
was attained 

1 he objectives of the expenments were, (1) to determine it flameless surface 
(ombubtion during compression would more than offset the gain in theimal 
etficiencv due to laising the jacket temperature and (2) to obtain reliable 
data feir an Otto cvcle engine i mining em town gas at a eompression latio of 
10 I foi a compaiison of the performance with that ot a conipicssiem ignition 
(Diesel) engine, m re*speet of power, ctfieiene>, and range of quality contiol. 

Trials were eanicel out with the jaeket eoolant «it tcmperatuieb of 140®, 
212°, 302°, <ind 351° I , mixture siungth being varie»d ovei the gieatcst 
possible I inge and oplimuni ignition timing alw.i\s being iibcd 1 he tem- 
peialuic ()l 110° 1 ean be taken as that eil the laeket eoeilant in motoi ear 
engines 212° I is the jaeket coolant tempenituie eit the AS I M (MR 
method ol knock testing the liighei te nipeialiiu's of 302° mil 351° h repre- 
scnl luket eoolint te iiipeiatmes ot liquiel cooled .ineiaft engines Ihe 
e\lindeib ot an eooled engines ittain enen liighci tempeiatuies 

Experimental Arrangements and Results 

1 he ( 1 R engine, which hid been used ten scniu weeks ten fuel testing, 
was dismantled and ill e iibem and othei defiosits ic moved trcnii combustion 
chamber burtaecb Ihe (onibustion space was niamtamcd suthcicnth lice 
of the a< c umulatiorib ot hiich diMcled caibon, which ptoniotc* pie ignition 
and deteni itieni, b\ the cleaning routine elesciibed in I’aits \ (2) ind \ I (3) 

Ihe V iKes weie retaied and hand lapped into the seats Ihe piston nngs 
we're in gc^od condition and tice m the giooxes, all ol which were clean Ihe 
Ignition b\stem was cheeked and the bieakci jnnnts set to the standaicl 0 020 
in gap The s])aik plug was cleaneel an 1 the g ij) leduced tioin 0 025 in to 
0 012 in as had been found necesban in eailiei cxpeiiments at the high 
eoinpre'ssion latio of 10 I I he setting ot the inierometer used ten mcasuiing 
coinpieshion latio was chocked, and maximum cominession piessures eoiicb- 
fionding to compiession latio settings weie tound to be in agreement with 
btanelard ( 1 R values The maximum compiession pressuic «it 10 1 

eomprc'Sbion ratio was 200 lb per sq in , nie*asuiccl dining tiials at 000 r p m 
anel with the jacket coolant at 212° I 

Liibrnatton 

A commeicial grade of lubricating oil, SAC 30, fiee of aelditives, was 
ubed lor engine trials at jae ket tempeiaturt's ol 1 10° and 212° h A commer- 
cial grade of heavy duty oil, Fsso S A E 50, leeommended for use with Diesel 
engines was used for trials made with jacket tempeiatures of 302° and 351° F 

Jacket Temperatures 

The low temperature was obtained by passing tap water through the jacket. 
The water entered at the lower end of the jacket at 00° F. and flow was 
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regulated to maintain a nearly constant outlet temperature of 1 10® F. The 
standard evaporative method of cooling, using water, was employed to obtain 
a jacket temperature of 212® 1'. The higher jacket temperatures of 302® 
and 351® were obtained by evaporative cooling, using ethylene glvcol suitably 
diluted with water, an extra section being fitted to the reflux condenser. 

Power Measurement 

The belt driven main and auxiliary generators of the C'.l'.R. unit were 
disconnected from the engine. The main generator was then driven as a 
motor from the laboratory d-c. supply and it in turn drove the auxiliary 
generator which supplies current for engine auxiliiiries, such as the bouncing 
pin and the ignition system. The engine was then direct connected to a 
d-c. swinging field dynamometer with beam type scale. 'Fhus, brake horse- 
power was measured. Indicated horsepower was obtained by adding to the 
observed B.II.P. that required to overcome friction .ind pumping losses 
wdien tiiel was not added to the air supply' and the engine “motored” by the 
dynamometer. “Motoring” loss was measured after every set of power 
observations as soon as possible after stopping the fuel supply\ A set of 
observations comprised (> power measurements made to determine optimum 
ignition timing tor any i)articular rate of gas supply' (mixture strength). 
Average values ot the horsepower absorbed by Iriction and pumping losses, 
desciibed hereafter as L.H.P., were as below,— 

1 10® F. jacket, S.A.K. 30 oil 1.45 L.H.P. 

212® F. jac ket, S.A.K. 30 oil- 1.31 “ 

300® 1'. jacket, S.A.K. 50 oil- 1.24 “ 

350® F. jacket , S.A.K. 50 oil 1.17 “ 

'1 he relatively great loss at 1 10° F. jac'ket temperature is due to the en- 
traiice of tap water into the hnver end of the cylinder jacket at 00® V. 

Measurement of Rate of Gas Consumption 

Measurements were made by' members of the technical stall of the Con- 
sumers’ (las ('ompan\ ol Toronto, using a standard dry meter es|>eciallv 
fitted and calibrated lor acTurate measurement. 

Calorific Value oj the Town Gas 

The composition and cxdorific value of Toronto tow^n g«is are closcdy con- 
trolled. The (‘ompcjsition remained constant during the engine trials at 
jacket temperature's of 212®!'. and higher, made on successive days, but 
differed slightly from that during the trial at 140® F. jackc't temperature 
made some weeks earlier, as shown by the data of Table I. 

The higher calorific value of the gas used for the trial at 140® F. jacket 
temperature, determined by calorimeter in the Gas ('ompany laboratory, 
was 405.1 B.t.u. jx-'r cu. ft. and the corresponding lower calorific value obtained 
by’ calculaticMi was 422.2 B.t.u. per cu. ft. Values obtained similarly for the 
gas when used later at the higher jacket temix^ratures were 470 and 427 
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TABLE I 

Composition of Toronto town gas at times of engine trials; 

PERCENTAGE VOLUMES 


Constituents 

Trial at 140® F., 
jacket temperature 

Trials at higher 
jacket temperatures 

Hydrogen 

48.3 

47.4 

Carbon monoxide 

23.3 

21.7 

Methane 

11.0 

12.4 

Nitrogen 

7.1 

7.0 

Carbon dioxide 

3.7 

4.2 

Ethylene 

3.0 

3.8 

Ethane 

1.8 

1.3 

Benzene • 

1.1 

0.9 

Oxvgcn 

0.8 

0.7 


B.t.u. per cu. ft. The “lower** values were used for calculating indicated 
thermal efficiency. All are for the gas at (>0° F. and 30 in. of mercury. 

Carburetor A rrangement 

The method of admitting gas to the C.F.R. carburetor as used in preliminary 
experiments is shown by Fig. 1 of Part VI (3). I'he oi 3 en end of the gas 
admission tube was fully exposed to the air oscillations in the induction 
system of the engine. The oscillations were probably without effect on the 
accuracy of the gas meter, but as a precaution the oj)eii end of the tube was 
closed and the gas passed through three rings of small holes in the w’all of 
the tube. The air heater of the C\F.R. engine was left in place and provided 
a mixing chamber for the gas and air. 

Ignition Timing for Maximum Power 

The required ignition timing at constant engine speed and compression 
ratio varies with jacket temperature and mixture strength. Air and gas 
were both supplied to the engine at atmospheric ])rebsiire. 'Phe ignition 
advance required for the maximum power obtainable for a particular rate 
of gas consumption c an be determined only b\ experiment. 'Phus the brake 
horsepower developed when a particular mixture was used was measured at 
a series of ignition timings giving rising and falling power. 'Phe optimum 
timing was then obtained from a plot of the results. 

The method is illustrated by the graphs of Fig. 1 , plotted to determine the 
optimum ignition timing for 14 rates of gas consumption ranging from that 
required for the weakest to the richest mixtures on which the engine would 
run steadily. It will be seen by reference to the graphs that optimum ignition 
timing varies over a wide range, and is somewhat sharply defined at any 
particular mixture strength. Thus at the weakest mixture on which the 
engine would run continuously, given by a rate of gas consumption of 47.6 
cu. ft. per hr., optimum timing was 44® advance and output was 1.92 B.H.P. 
The maximum power output of 4.06 B.H.P. was obtained at a rate of gas 
consumption of 92.5 cu. ft. per hr., and optimum ignition timing was then 
13.5® advance. The graphs for mixtures richer than that required for maxi- 
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C F R ENGINE 900 R P M 

I 4[ COMPRESSION RATIO 10 I 

JACKET TEMPERATURE ElE^pJ 
C AS AN D AIR. INLE T TEMP SO^F . 



-SO S 10 IS 20 29 30 35 40 40 SO 

SPARK ADVANCE- DEGREES 

Fig. 1 Graphs for the deter nnnatwn of optimum igmtion timing for each of the 14 rates of 
gas consumption required for the set of trials inode at a jacket coolant temperature of ^12^* F 

The experimental results required for the graphs of Fig. 1 were obtained 
when the jacket coolant temperature was 212® F. Similar sets of graphs 
were obtained for jacket coolant temperatures of 302® and 351® F. and for a 
jacket coolant temperature (outlet) of 140® F. 

Brake and Indicated Horsepower, Mechanical Efficiency, 212^ F. Jacket Coolant 

Temperature, Optimum Spark Advance 

The experimental results given by the graphs of Fig. 1 were used to plot 
the graphs of Fig. 2. Graph A of the figure gives the relation between opti- 
mum spark advance and rate of gas consumption and Graph B the corres- 
ponding brake horsepower. Graph C, for indicated horsepower, represents 
the brake horsepower plus the horsepower (L.H.P.) lost in overcoming mechan- 
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ical and fluid tridion, amounting to 1.3] B.H P. at the jacket coolant 
temperature of 212® F. (iraph D, for mechanical efficiency, giveb the 
percentage relation c^t brake to indicated horsepower. It will be noted that 
the v.ilue at ma\imum po>\ei output is appioxiniateK 7fl%, a reasonable 
value in view ol the engine’s not having been designed tor high output and 
low fric tion loss. 



I ' conditions " I 1 

C F R ENGINE 900 R P M 





TOWN GAS CONSUMPTION -CU FT PER HR -GoPf , 30"Hg 

Fic, 2 Methanual cffifuniy and brake and indicakd horsipm^tr at optimum spark adianco — 
jmktt coolant, F 

Indicated or brake mean effective pressures can be obtained b\ multiphing 
values given by Giaphs C and B In the factor 23 1 Thus I M F P. at 
mavimum power output was 125 lb per sc| m 

Indicated Thermal hfuietKy and Power 

The internal combustion engine, being noncondensing, is restricted to con- 
verting into work some pait onlv of the “lowei” heat value of the fuel used. 
It IS necessary therefore to use that value for c.ilc illations of thermal efficienev 
if comparable results for a variet> ot fuels are to be obtained, because the 
difference between the lower and higher values v.uies w’ith the nature of the 
fuel. 

Similarly, when the efficiencies of a variet> ol engines are compared it is 
necessary to take into account the total pow^r developed, because the fraction 
used in overcoming friction varies with design and operating conditions. 
The total is represented by the indicated hcjrsepower or by the indicated 
mean effective pressure. 






KING hi Ah OXIDAIION, IGNITION, AND DETONATION OF FUEL VAPORS AND GASPS 441 


Thus, considering as an example a particular set of engine trials at 900 
r.p.m., the jacket coolant at 212° F. and compression ratio 10 : 1, the data 
used for the calculation of indicated thermal efficiency were as follows, — 

Metered rate of gas consumption, 9().(> cu. ft. per hr. 

Lower calorific value of the gas at 60° K. (520° R) and 30 in. of mercury 
barometric pressure, 422 B.t.u. i)er cu. ft. 

Gas temperature at meter, 73.7° K. (533.7° R.) 

Barometric pressure, corrected lor temperature, 29.33 in. ol mercury 
Brake horsepower b\ dynamometer, 1.06 
Friction horsepower (L.H.P.) by dynamometer, 1.31 
Indicated horsepower by addition, 5.37 
The rate of heat input to the engine is then. 


422 

^ .)33 ^ 30.0 ^ 00 


640 B.t.u. per min. 


and the equivalent ft. lb. / per min. = 640 X 778 
The rate at which heat is converted into work is 
(5.37) X 83000, It. lb. / per min. 
and per cent indicated thermal efficiency 


= 100 X 


5.37 X 33000 
646 X 778 


35.2 


C'oixrcTi 1) Results of Kncunf 'Priai.s 

The results of tiials made with a jacket coolant temperature of 212° F. 
are given h\ the graphs ol Fig. 3. 'fhey are plotted on a brake horsepower 
base extending from the minimum power at which the engine would run 
steadily to the maximum power that the engine would develop. The obtain- 
able range of B.II.P. is shown by the vertical broken lines. It will be noted 
that power reaches a maximum lor a particular rate of gas consumption and 
then diminishes as the rate is further increased. Thus the familiar consump- 
tion “loop” is obtained. 

Indicated thermal efficiency attains relatively high v*ilues at weak mixtures, 
decreases slowly until the mixture strength for maximum power is reached, 
and then very’ rapidly with further increase in mixture strength. Then as 
power decreases at the same time, an indicated thermal efficiency “loop”, 
as shown by the relevant graph of the figure, is obtained. 

The results of trials made with a jacket temperature of 351° F. are presented 
similarly by’ the graphs of Fig. 4. The similar graphs for trials made at 140° 
and 302° F. are not reproduced because of space limitation. 

The features of special interest in respect of the trials made at the four 
jacket coolant temperatures of the experiments arc exhibited by’ the graphs 
of Fig. 5. The A graphs are consumption loops, and B graphs indicated 
thermal efficiency loops. They show in a striking way^ the progressive de- 
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Fig 3 Oraphnal presentatwn of the rtsitU^ of trials madt uith the jacket coolant at P 



Fig 4 Graphical presentation of the results of trials made with the jacket coolant at 351^ F 



5E 





Fig 5 Consumption loops given by A graphs and indicated thermal efficiency loops by B 
graphs y for trials made uith jacket coolant temperatures of S02^, and F 


crease of indicated thermal efficiency and power as jacket coolant temperature 
is raised from 1 10° to 351° F. Maximum and minimum powers obtained for 
each jacket coolant temi^ralurc are shown by the vertical broken lines. It 
will be noted that .i relatively hiejh value of minimum power was obtained when 
the jacket ( oolant temperature was 140° F This anomalous result is thought 
to be due to ignition failure at weakei mixtures. 


Summary and Discussion of Experimental Results 

It was not considered possible, prior to the experiments described in Parts 
V (2) and VI (3), to operate an Otto c\cle engine on hxdrogen or town gas 
at a compression ratio of 10 1, except when using weak mixtures and conse- 
quently obtaining relatively low values of mean effective piessure Thus, 
there are not extant any engine trial results for Otto c>cle engines with which 
the experimental results given in this Part can be compared. Recourse must 
therefore be to the trial results of the compression ignition t> pe of the Diesel 
engine. The most comprehensive described trials of that type of engine are, 
so far as known, those by H. B. Taylor (8, pp. 35-86). Data are given for 
triajs run at 12 : 1 compression ratio and speeds of 800 and 1000 r.p.m. and 
with injection timing fixed or advanced progressively with decrease in mixture 
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Strength. A comparison of the C.F.R. Otto cycle engine trial results with 
those given by I'aylor for the compression ignition engine are therefore of 
interest although weighted in favor of the latter by the higher compression 
ratio of 12 : 1 at which they w^ere run. The temperature of the jacket coolant 
is not mentioned in Tailor’s pai)er but can be avssumeil to have been that 
generalh used, namely, 00° C. (140° p.). 

Thermal Efficiency as Ajffected by Jacket Temperature 

An increase in jacket temperature, b> diminishing heat loss during the 
combustion and exp.insion periods, should give rise to a small increase in 
thermal efficiency. The possibilitN that the increase might be more than 
ollsct by the adveise effect of surface oxidation of the fuel has not heretofore 
been considered, the established (textbook) view being that “no significant 
surface reaction occurs in the engine” (I, p. 2934). 

The adverse effect of flameless suriat'c combustion on the power developed 
by an Otto c\cle engine running on gasoline was shown by the experiments 
described in Part XI (1). The experiments of this Part were made to deter- 
mine if a similar effect would be obtained in suitable conditions if the engine 
were run on town gas containing a large proportion of hydrogen, which reacts 
with metallic oxide at relativeh low tempeiatures to form steam. The 
experimental lesults obtained acc'ordingh are summ.irized in Table II. The 
data given for jacket coolant temperatures eff 212° F. are from the graphs 
of Figs. 2 and 3. The data relating to other jacket coolant tempeiaiures 
are trom similar graphs, which are not reprcxluc'ccl because of space limitations. 


I \BLR II 

iNDICATtO THt RMAL FFriCIFNCY \ND INDICMl I) MI AN I 11 I CII\ I PRI SSCRC 
AS AFFI CirO BY TACkET COOLANT II MPI RATURI 


Jacket ccx>lant 

lemixjrature, 

op 

Max. po>\er 

75% max pemer 

Mm 

p>ower 

I M.E P , 

Ib /tjq 
in 

HR, 

% 

1 M L P , 
lb Aq 
in 

1 1 1: . 

% 

I M K P , 
lb /sq 
m 

1 T E , 
% 

110 

140 4 

35 

105 

40 

(102) 

(40) 

212 

125 0 

35 

01 

40 

70 

41 

302 

1170 

33 5 

«8 

40 

05 

40 

351 

111 0 

32 5 

83 

37 

05 

39 


With reference to Table II, consider first the effect on thermal efficiency 
of raising the jacket temperature from I 10° to 212° F. The estimates by 
Ricardo (6, p. 87) and Ricardo and Glvde (7, p. 103), which are not based 
on experiment, led to the conclusion that an increase of from 0.4% to 1.0% 
would be obtained. This no doubt is an accurate estimate, taking into 
account heat loss only. The experimental results given in Table II show, 
how'ever, that no change in thermal efficiency occurred within the jacket 
coolant temperature range 140° to 212° F., the minimum power measurements 
at 140° F. being disregarded, for the reason already mentioned. It may be 
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concluded accordingly that the gain due to the lower heat loss during com- 
bustion and expansion was just equal to the loss due to surface oxidation of 
the fuel during compression. 

Consider now the effect on efficiency of raising the jacket coolant tempera- 
ture from 212° to 351° F. There should, of course, be a gain in thermal 
efficiency due to lower heat loss to the jacket but instead efficiency decreases 
by 7% at maximum power and by 73-2% three-quarter power. The total 
loss attributable to surface oxidation would therefore be the sum of the 
percentages mentioned plus whatever gain there might have been, taking 
into account the lower heat loss to the jacket. 

The smaller efficiency loss of 4.9%, observed when using the weak mixture 
required for minimum power, is attributed to the decrease in velocity of the 
surface reaction with decrease in mixture strength. 

Thermal Efficiency, Weak Mixtures 

Thermal efficiency should, according to generally accepted theory, approach 
the Air Standard value as the concentration of fuel in the mixture with air 
approaches zero. The experimental results obtained with the C.F.R. engine 
running at 10 : 1 compression ratio indicate, on the contrary, that thermal 
efficiency attains a maximum value at a mixture strength richer than the 
weakest on which the engine continues to run. A similar effect was obtained 
as a result of earlier experiments with town gas [Part VI (3)]. The observed 
decreases from the maximum, although small, are of sufficient interest to 
justify further experiments. 

Quality Control 

A feature of the Diesel or compression ignition typt* of Diesel is that power 
output at any particular speed can be varied over a wide range by varying 
the rate of fuel supply, that is, the “quality” of the fuel-air mixture. It 
became of interest, therefore, to determine the degree of quality control 
obtained when the CM".U. engine was run at 10 : I compression ratio and wdth 
jacket coolant temperature varied over a wdde range. 

Percentage quality control is taken to be: — 

Maximum B.H.P. — Minimum B.H.P. 

Maximum B.H.P. 

Relevant data from the C.F.R. engine experiments are set out in Table III. 

TXBLE III 


Quality control data, C F.R. fnoine 
10 : 1 COMPRESSION R^rio 
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The relatively low percentage quality control at 140® F. jacket coolant 
temperature is believed to be due to ignition failure, as already mentioned. 

The obtaining of a wide range of quality control depends on continuing 
ignition as mixture strength is progressively weakened. The spark ignition 
system of the C.F.R. engine is not especially adapted for use with very weak 
mixtures, and although the results are somewhat irregular, as would be 
expected, it is of interest to compare them with those relating to compression 
ignition engines as given by Ta>lor (8). 

The percentage quality control obtainable with the compression ignition 
engine was found by Taylor (8) to diminish with speed and to be little affected 
by injection timing. Relevant data, taken from page 47 of the reference 
quoted, are given in Table IV. 


FABLE IV 

Qit\ 1 IlY CONTROL OVl COMPRl SSION IGMIION FNOINE, 
12 1 COMPRl SSION RATIO 


Knginc 
r p m 

Max 

BHP 

I njection 
clegi ces 
advance 

Min 

BHP 

Injection 

advance 

Percent 

Q control 

800 

04 6 


30 


54 

800 

1)5 0 


30 

315 

54 

1000 I 

800 


40 


50 

1000 

70 5 


10 

29 5 

50 


The percentage quality control for the compression ignition engine if run 
at 900 r.p.m can be taken as 52. The Otto cycle C F'.R. engine run at that 
speed and at the lower compression ratio of 10 : 1 affords quality control of 
53, 60, and 55% for jacket temperatures of 212®, 302®, and 351® F. respec- 
tively. 

Quality control is determined by the spread between maximum and 
minimum brake horsepower (B.M E.P.). The minimum cannot be greater 
than the B.H.P. required to overcome friction and pumping losses and may 
be more nearly reached with the Otto c^cle engine by improving spark ignition 
at weak mixtures. The maximum can be the greater for the Otto cycle engine 
because of the inability of the compression ignition engine effectively to utilize 
the mixture strength required for maximum power. 

Volumetric Efficiency, Spark Advance 

The engine was always run at constant speed and compression ratio, and 
any decrease in volumetric efficiency observed on raising the jacket tempera- 
ture would be due to the consequent heating of the induced charge. The 
extent of the decrease for a particular increase of jacket temperature would 
depend mainly on the turbulence and thermal conductivity of the gas-air 
mixture entering the cylinder. The mixture enters the cylinder of the C.F.R. 
with a high degree of turbulence because of high velocity attained in passing 
through a somewhat restricted inlet valve opening, and the gas-air mixture 
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containing hydrogen in large proportion is of relatively high thermal conduc* 
tivity. The conditions of the engine trials, were therefore such that a large 
decrease in volumetric efficiency would be expected. Moreover, the increase 
in charge temperature due to increasing the jacket temperature would give 
rise to an increase in compression temperature, a corresponding increase in 
rate of flame propagation after spark ignition, and a consequent decrease in 
optimum spark advance. Relevant data collected from the experimental 
results are set out in Table V. 


TABLE 

EkpFCT of jacket tempera lURE ON VOLUME I RIC 
1 I MCIENCY AND OPFlMt M SPARK AD\ \NCI 


Jacket coolant 
tempera Hue, ® F 

Maximum 

I H V 

Gas consumption 
cu ft. /hr. 

Spark 

advance 

140 

600 

102 

16° 

212 

6 40 

01 5 

14° 

302 

500 

885 

8 ° 

351 

4 75 

87 

• 40 


When the engine charge is heated during induction, volumetric efficiency 
diminishes and indicated power decreases in the same proportion if sjx'ed 
and compression ratio remain constant, according to a discussion by Pye 
(5, p. 240), of e\j)eriment& by Ricardo. On this basis the decrease of maximum 
l.H.P. from ().00 to 4.75, Table V, indicates a large decrease of 20.8% in 
volumetric efficiency. The methcxl of calculation is based necessarily on the 
generally ac('epted view that indicated thermal efficiency does not diminUh 
with increase of jacket temperature. It has been shown, however, I'able II, 
that a decrease of 7 Vo ^^as obtained on increasing jacket coolant temperature 
from 1 10® to 351® F. Thus of the total decrease of 20 8Vo hi l.H.P . 13.8% 
represents that due to decrease of volumetiic efficiency. 

The change in volumetric efficiency can be calculated by another method. 
Thus, when the engine charge is gas and air, both being supplied at the same 
temixjrature and pressure, the rate of consumption ol either is proportional 
to volumetric efficiency ij mixture strength remain constant. It may safely 
be assumed that the mixture strength for maximum jxiwer is invariable. 
With reference to Table \", rate of gas consumption at maximum power 
diminishes from 102 to 87 cu. tt. per hr., that is, by 14.7% when the jacket 
coolant temperature is raised from 140® to 351® F. The decrease in volu- 
metric efficiency of 14.7% agrees as well as could be expected with the value 
of 13.8% deduced from observed changes in power and efficiency. 

Optimum Ignition Timing 

The decrease in optimum spark advance as jacket temperature is raised 
is given in Table V and reflects the increase in rate of flame propagation as 
conipression temperature increases with increase in the temperature of the 
gas-air mixture at the beginning of compression. The result, so far as engine 
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operation is concerned, is that the usual effects of excessive spark advance, 
namely, loss of power accompanied by rough running and knock, are obtained 
for a relatively small advance beyond the optimum value. 

Concluding Comment 

The Adverse Effect of Surface Comhustion on Thermal EJficiency 

The decrease of thermal efficiency obtained on raising the temperature of 
the jacket coolant of the C.F.R. engine is attributed to the effect of flameless 
combustion of hydrogen on oxide coated surfaces, to produce steam during 
compression. The decrease of efficiency becomes greater as mixture strength 
increases because the velot'ity of the surface reaction increases accordingly. 
Thus the decrease in indicated thermal efficiency. Table II, is 7% at the 
mixture strength for maximum power. It is 10.3%, that is, 50% greater for 
the richer mixture obtained on increasing rate of gas consumption by 20%. The 
adverse effect on thermal efficiency due to surface oxidation is similar to that 
described in Part XI (4), obtained when surface oxidation of liquid fuel vapor 
to steam and carbon dioxide occurred on a metal surface maintained in an 
oxidizing atmosphere by continuous decomposition of a metallic antiknock. 

It is to be noted that the conclusion in respect of the cause of the decrease 
in thermal efficiency with increase in jacket temperature is based on the 
somewhat indirect evidence afforded b\ earlier experiments, mainh those 
described in Part XI (4). Further experiments made in a manner to eliminate 
surface combustion would therelore be of interest. 

Otto Cycle Compared with Compression Ignition {Diesel) Performance 

Combustion in the compression ignition ((M.) engine leaves unusc*d from 
20 to 25% of the air in the cylinder charge. This is approximately the per- 
centage of the air displaced when town gas in “correct” proportion with air 
is used as the fuel for an Otto cycle engine. C'ombustion of the fuel, especially 
when rich mixtures are used, is the more nearl\ complete in the Otto c>cle 
engine because of the homogeniu of the mixture with air. It would be of 
interest to compare performances on the basis of the same compression being 
used. A comparison can however be made at present on the basis of 10 : I 
compression ratio only and 900 r.p.m. for the C.F.R. Otto cycle engine and 
12 : 1 compression ratio and 1000 r.p.m. for the CM. engine. The data for 
the “best” performance of the CM. engine used by Taylor (8) are given (page 
47 of the reference). The maximum cylinder pressure was 800 lb. per sq. 
in. and injection timing was advanced as load was reduced. 

The maximum I.M.E.P. obtained by Taylor was 133.7 lb. per sq. in., with 
an indicated thermal efficiency of 38.3%. The corresponding figures for the 
C3.F.R. Otto cycle engine were 140.4 and 35%. 

The I.M.E.P. obtained by Taylor at the weakest usable mixture strength 
was 77.5 lb. per sq. in. with an indicated thermal efficiency of 46.4%. The 
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corresponding figures for the C.K.R. engine were (at 212® F. jacket tempera- 
ture) 76 lb. and 41%. 

The C.F.R. Otto cycle engine was somewhat superior in resjject of the 
important feature of qualit> control, as shown by the data of Tables III 
and IV. 
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RELATIONS OF THIAMINE CONTENT IN SASKATCHEWAN 
WHEAT TO PROTEIN CONTENT, VARIETY, 

AND SOIL ZONE^ 

By E. Y. Spenckr® and M. W. Galgan* 

Abstract 

The thiamine content (by a <ihort method) and the protein content of 754 
samples of the 1946 wheat crop and 458 samples of the 1947 wheat crop were 
determined. In 1946 four varieties were testeil in each of the four soil zones, 
while in 1947 throe varieties were tested on the Brown and Dark Brown soils 
and four on the Black and Black-Gray Transition soils. A highly signiheant 
positive correlation between thiamine and protein content was found for the iwo 
crops. No significant differences between thiamine values of the Thatcher 1946 
and 1947 crop were found. Similarly, an analysis of variance for thiamine 
content of Redman in the Black and Black-Gray Transition soil /ones and 
Rescue in the Brown and Dark Brown soil /ones, for the two crop years, showed 
no signiheant difterence Of the four varieties, Thatcher, Rescue, Pelissier, 
and Stewart, grown in the Blown and Dark Brown soil /ones, Stewart was 
signihcantly higher in thiamini' content 1 he greatest range in thiamine content 
was 2 73 Mgni. per gm. tor 1 hatcher in the Black-firav 'transition soil /onp 
(mean 4 01 /igm. ix?r gm ) to tl 57 /Ltgm per gm for Stewart in the Brown soil 
zone (mean 6.18 /xgm per gm ). A highly significant difference was found for 
varieties giown in different zones for both vears. The values decreased as the 
soil changed from brown to dark brown, to black and degraded black, and hnally 
to gra> 


Introduction 

A collaborative study b\ the Universities of Manitoba, Saskatchewan, and 
Alberta has shown considerable vjiriation in thiamine content in wheat (11). 
McElroy et aL (a) previously found that the thiamine content of wheat in 
Alberta was influencetl by soil t>pc, and there was a positive correlation 
between protein and thiamine content. Robinson et aL (8) found in the 1940 
Manitoba wheat crop a varietal effect on thiamine content but the content 
was not determined h> the soil /one in which the samples were grown No 
positive correlation was found between thiamine and protein content. O'Don- 
nell and Bayfield (7) and Whiteside and Jackson (12) also found that there 
were differences in thiamine content of wheat due to varieties. It was felt 
desirable to continue the study of the varietal and zonal influences on thiamine 
content in Saskatchewan especially when a large number of samples of wheat 
from many parts of the province were available. 

The use of a shorter method for thiamine determination became a necessity 
in order to carry out the extensive survey. Previous work (1, 2, 4) indicated 
the possibility of using a short method, but it was nei'essary to adapt it for 
wheat. 

1 Manuscript received June 18, 19411- 
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Crain Research of the National Research Council. Presented in part to the Saskatchewan Institute 
of Apologists, Saskatoon, May 86, 1949. 
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Methods and Materials 

The short method as adapted for thiamine determination in wheat was as 
follows. One gram of wheat ground to pass 1 mm. sieve openings was placed 
in a 50 ml. volumetric flask, and 25 ml. of sodium acetate buffer, pH 4.0, was 
added. The sample was digested for one hour in a water bath at 70® C. 



Key to Fi^ t — Zones and Suhzone^ 

1 Brown Soils — lA - Subject to frequent droughts 

IB —Subject to more frequent droughts than 1 4 

^ Dark Brown Soils — — Subject to occasional droughts ^ better moisture conditions than lA 

^B — Slightly cooler than 2A 

2C — Bench land, cooler, shorter froit~fne season and better moisture 
conditions than lA 

2D — Higher elevation and distinctly shorter frost-free season than 2B 
2E — Heavy clay soils, more drought resistance than 2A and 2B 
2F — Heavy clay soils, more drought resistance than I A and adjoining 2B 
S Black Soils — SA — Better moisture conditions than 2A 

SB — Shorter frost-free period and better moisture conditions than 3 A 
SC — Better moisture conditions than 2B, and cooler than SA, 

3D — Better moisture conditions than SE 

SE — Shorter frost-free season and better moisture conditions than 2D 
SF — Degraded black and some gray soils, shorter frost-free period than SD, 
4A, B, Black-Gray Transition S^ — Short frost-free season 
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After it was brought to volume, it was centrifuged for 15 min. at 2000 r.p.m. 
Aliquots of 5 ml. were placed in reaction vessels, and the procedure was 
continued as in the regular method used in the collaborative study (II). 

A comparison of the results obtained by the above short method and the 
regular method (11) on 59 samples of wheat was made. I'he coefficient of 
correlation (r == .81) was highly significant (1% level) and the regression 
equation was K = 1.49 + 0.775 jc, where E is the estimated value and x is 
the value found by the short method. 

Using the short method, analyses for thiamine were made on wheat samples 
grown at various locations in Saskatchewan (3). I'he 1940 crop consisted 
of 754 samples of wheat including the varieties Apex, Thatcher, Redman, and 
Rescue, while the 1947 crop consisted of 458 samples, consisting of the varieties 
Thatcher, Redman, Rescue, Regent. Pelissier, and Stewart. 

The cereal variety zones based on soil t\ pe and climatic condition from which 
wheat samples were obtained are shown in Fig. 1 (9). While this map is 
basically the soil zone map of Saskatchewan (0), the soil zones have been 
subdivided because of differences within the zones which effect cereal ‘prcxluc- 
tion but which have not in general resulted in differences in the soil profile. 

Results and Discussion 

The thiamine values for wheat ranged from 2.98 to 7.()() Mgm. per gm. in 
194C and 2.73 to 9.57 figm. per gm. in 1947. 

The relation between protein and thiamine content was studied by grouping 
the values according to zones on which the samples were grown. 4'ablc I 
shows a highly significant positive correlation existing between protein and 


i'ABLK 1 

RiI.UION BhlWILN I’ROri IN AM) IIIl\MIM IN WIIbAI K)R lOtO \ND 1U47 
CROP IN IHK VXRIOIS SOU /OM S Of* SASKA ICHFWAN 


Zone 

i 

1 

Of 

ProtcMn” 

% 

(Mean) 

rhiamine* 

/ziiin /i;m 
(Mean) 

C'orrel. 

coett. 

5% Level 

1% Lev(4 

liiAd 

i 

1 Brown 

205 

1 

16 06 

1 

167 

.21 

0 137 

0.180 

2 Dark Brown 

wn 

15 62 

4 58 

.69 

0 13« 

0182 

3 Black 

287 

14 93 

4 35 

.58 

0.116 

0.160 

4 Transition 

1 

66 

1 

13.70 

4 10 

.5«> 

0 232 

0.302 


lf)47 


1 Brown 

48 

16.29 

4.72 

.69 

0.274 

0.355 

2 Dark Brown 

i t 

15.83 

441 

.34 

0.220 

0.286 

3 Black 

173 

15.10 

4.56 

.28 

0.14!) 

0.196 

4 Transition 

29 

14.65 

4.26 

.13 

0.34!) 

0.449 


*13,5% moisture baus. 
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thiamine for the 1946 crop in the four zones. Similar results were obtained 
from the study of protein and thiamine content for the 1947 wheat crop. 
The relation was further studied by grouping the samples according to varieties. 
Table II shows a highly significant positive correlation existing between 


TABLE II 

Relation between protein and thiamine in wheat for 1947 crop in Redman, 
Thaicher, Rescue, and Recent 


\’’ariety 

Df. 

Protein,* 

. % 
(Mean) 

1 

Thiamine,* 

/igm./gm. 

(Mean) 

Correl. 

coed. 

5% Level 

1% Level 

Redman 

68 

14.80 

4 58 

.72 


0.303 

Thatcher 

132 


4.32 

68 


0.220 

Rescue 

62 


4.66 

.65 


0 318 

Recent 

68 


4.72 



0303 


*75.5% moisture basis. 


protein and thiamine in each of the four varieties of the 1947 crop, Redman, 
Thatcher, Rescue, and Regent. 

In order to study the effect of varieties and soil zones on the thiamine 
content of wheat, the data were grouped according to variety and zone for 
each of the years 1940 and 1947 as shown in Tables III and IV. 

TABLE III 

Thiamine comfnt of 1916 wheat grouped \ccording 
lo vARirrv and soil /one 


Zone 

Thatcher j 

Redman 

Rescue 

Apex 

Zonal 

mean 

1 

4.60 

(62) 

4.99 

(52) 

4.52 

(51) 

4.56 

(51) 

4.67 

(206) 

2 

4.57 

m 

4.83 

(48) 

4 42 

(49) 

4 52 

(48) 

4.58 

(193) 

3 

4.29 

(72) 

4.52 

(72) 

4.24 

(72) 

4.34 

(72) 

4.35 

(288) 

4 

4.05 

(17) 

4.31 

(17) 

4.01 

(16) 

4.00 

(17) 

4.10 

( 67) 

Varietal mean 

4.42 

(189) 

4.71 

(189) 

4 34 

(188) 

4.42 

(188) 

4.47 

(754) 


{Mean thiamine values in ngm. per gm.^ number of samples shown tn brackets.) 


TABLE IV 

Thiamine content of 1947 wheat grouped according 

TO VARIETY AND SOIL ZONE 


Zone 

Thatcher 


Pelibbier 

Stewart 

Zonal mean 

1 Brown 

4.64 

(26) 

4.80 

(24) 

4 98 

(24) 

6.18 

(24) 

5.14 

( 98) 

2 Dark Brown 

4.33 

(38)' 

4.49 

(39) 

4.50 

(38) 

5.45 

(38) 

4.69 

(153) 

Varietal mean 

4.46 

(64) 

4.61 

(63) 

4.69 

(62) 

5.73 

(62) 

4.87 

(261) 


Thatcher 

Redman 

Regent 


Zonal mean 

3 Black 

4.32 

(58) 

4.62 

(59) 

4.76 

(69) 



4.57 

(176) 

4 Transition 

4.01 

(11) 

4.37 

(10) 

4.49 

(10) 



4.28 

( 31) 

Varietal mean 

4.27 

(69) 

4.58 

(69) 

4.72 

(69) 



4.52 

(207) 


{Mean thiamine values in iigm. per gm., number of samples shown in brackets.) 
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It will be noted that the thiamine values were highest for Redman in all 
zones in 1946. In the 1947 crop, Redman samples were available only in the 
Black and Transition soil zones and the thiamine values for it were higher 
than the corresponding values for Thatcher, However, in the same zones, 
Regent contained the highest thiamine content. In the Brown and Dark 
Brown soil zones, Stewart contained considerably more thiamine than the 
other varieties. The thiamine content was greatest in the Brown soil zone. 
The lowest values were in the Black-Gray Transition soil zone. There was a 
decrease in thiamine content as the soil changed from brown to gray. 

An analysis of variance as presented in Table V shows that the differences 
between varieties and zones were highly .significant. Samples from each of 


TABLK V 

Analysis of variancf for fhiamink in 1046 and 1947 wheat 

GRorpFD ACCORDINC; TO VARIETY AND SOIL TYPE 



1946 

1917 

Source of 
variation 

Zones 1, 2, 3, 4 

Zoneb 1, 2 

Zoncb 3, 4 

D.f. 

Mean sq. 

D.f. 

Mean m}. 

D.f. 

Mean sq. 


Total 

753 


250 


206 


Varieties 

3 

4.95** 

3 

21. 19** 

2 

3.49** 

Zones 

3 

8.09** 

1 

1 1 »3** 

1 

2.18** 

Varieties x zones 

9 

0.1 1 

3 

0.71 

2 

0.23 

Error 

736 

0.48 

240 

1.09 

201 

0.45 


Significant beyond 1% level. 


the four zones were available for Thatcher for 1940 and 1947 (See Tables III 
and IV). An analysis of variance for Thatcher for each of the two years 
presented in Table VI shows that there wa.s no significant difference between 
years, whereas there was a highl> .significant difference between zones. Simi- 
larly an analysis of variance for Redman in the Black and Transition soil, 
and Rescue in the Brown and Dark Brown soil, for 1940 and 1917, showed 
no significant difference between >ears; however, there was no significant 
difference between zones. 


TABLE \T 


Analysis of variance for thiamine in Thatchf^, Redman, and Rfscue 
I OR 1916 AND 1947 


Source of variations 


Redman 

Rescue 



D.f. 

Mean sq. 

D.f. 

Mean sq. 

'Fotal 

321 


157 


162 


Years 

1 

0.33 

1 

0.39 

1 

0.73 

Zones 

3 

2.98** 

1 

1.03 

1 

1.02 

Error 

317 

0.41 

155 

0.46 

160 

0.57 


** Significant beyond 1 % level. 
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A further relation between thiamine content and varietal and regional effects 
is shown in Table VII, in which the mean thiamine values of the 1947 crop 
were arranged according to variety and subzones. Where the subzones have 
been grouped together, this was done because statistical analysis showed no 

TABLE VII 

Thiamine content of wheat grouped according ro variefy \\d 
SURZONES FOR 1947 CROP 



** Significant beyond 1 % level. 
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Differences between the subzones within one zone are largely considered 
by the cerealists to be due to local climatic factors which are not reflected 
in the soil profile, but which affect cereal production Certain exceptions do 
occur where soil profile differences do exist to justify the subzone separation, 
e.g., in the Brown soil zone the more droughty B subzone is characterized by 
gray-brown surface colors and lower organic matter content than the rest of 
the Brown soil zone (10). Similarly, the C and D subzones of the Dark 
Brown soil zone are dark brown primarily because of the climatic effects of 
higher elevations. These have been differentiated as cereal subzones because 
of a shorter frost-free season. 

Whether the observed differences in thiamine contents between soil zones 
and between subzones are due primarily to nutritional factors associated with 
the soils, or to moisture relations associated with climate, or both, is a question 
that cannot be answered at this time. The available meteorological data in 
this region are by no means sufficient to permit any comparisons on the basis 
of local climates for one or two years. 

The thiamine values for different varieties of wheat appear to be ihfluenced 
by soil and climatic conditions. The more arid brown soils tend to produce 
wheat of the highest thiamine content, while the gray soils with good moisture 
conditions tend to produce wheat with the lowest thiamine content. 

In addition, there are significant differences between the various subzones 
within the zones; IB (Gray Brown) containing significantly more thiamine 
than lA (Brown) and 2C and D, the Dark Brown soils of higher elevation and 
shorter frost-free perkxl containing less than the rest of that zone. Similarly 
in the Black soil zone, significant differences exist between the regions of the 
zone. Whether these differences are due to climatic effects of these particular 
years or not is unknown owing to unavailability of adequate meteorological 
data. There also appears to be a consistent varietal difference in thiamine 
content of wheat. 
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PRODUCTION AND PROPERTIES OF 2,3-BUTANEDIOL 

XXXIII. AUTOMATIC pH CONTROL IN THE DISSIMILATION 
OF SUCROSE BY BACILLUS POLYMYXA^ 

By R. W. W\ts()n,2 Flohkn('k Tamboline,® and G. W. IIarmskn* 


Abstract 

An electronic control circuit was used to maintain pH within db 0.02 units 
Iwtween successive additions of soluble alkali. Carbon balances show the 
effects of a series of pH levels and of a ran^^c of sucrose concentrations on the 

C roportional yields of end prcxlucts. 'Fhere is a marked change in the chemical 
alance of this fermentation at about pH 7 0, correlated with a suppression 
of the acetoin enzyme system Above pH 6 8a sharp increase in acid production 
is c'orrelated with decreased foimation of diol and carbon dioxide: below pH 6 8 
the Meld of organic acids decreases steadily. Most efficient conversion to diol 
o('curs froni pH 6 0 to 0 4. Several reasons are advanced for selecting pH 6 2 
as the optimum. Under anaerobic conditions the fermentation rate is increased 
over that under aerobic conditions. Diol yields increase and ethanol yields 
decrease steadily with increasing sucrose concentiations. The increases in 
diol aic accompanied by decreasing yields of organic acids, and not by changes 
in caibon dioxide procluction, which remains relatively uniform The sucrose 
concentration most efficient for conversion to diol is about 8%, which is di^»sim- 
ilated .in.ierobically in 30 hr at pH 6.2 to yield 65 mM (millimoles) of diol 
pt^r 100 mM. of invert sugar feimented. Under aerobic conditions the diol- 
ethanol latios show a marked increase, and reach a maximum of about 11 at 
10% .sucrose I his is due largely to increased acetoin and decreased ethanol 
torniation. Ihe dissimilation of 6% sucrose reaches 08% in 71 hr. under 
aerobic conditions and yields 82 mM. of diol plus acetoin ix?r 100 m.M of invert 
sugar feimented. 'Fhe use of either sodium or potassium hydroxide in place 
of ammonium h\ droxide increases hve times the period for complete dissimilation 
ol 5% sucrose Advantages of controlling the reaction by addition of ammonium 
h> dioxide are revie>\ecl. 


Introduction 

Continuous precise control of pH at an optimal level by the addition of 
st)luble alkali to fermentation media has been found to increase markedly 
the rate of carbohy^drate dissimilation by bacteria (24, 25, 20, 33). Selection 
of the optimum pH for the. formation of a given product enables a maximum 
y ield to be obtained in a minimum time. It is the purpose of this investigation 
to establish the optimum pH for the production of D-(/^o)-2,3-butanediol 

* Manuscript received August 31 ^ 1349. 

Contribution from the Divinon of Applied Biology, National Research Laboratories, 
Ottawa. Issued as Paper No. 74 on the Industrial Utilization of Wastes and Surpluses and as 
N.R.C. No. m2. 

* Biochemist, Industrial Utilization Investigations. 

> Bacteriologist, Industrial Utilization Investigations. 





458 


CANW1AN JOURNAL OP RESrARCTT, VOL 27» SFC P 


(30) from sucrose and to determine the effects of various sucrose concentra- 
tions on fermentation times and product yields under aerobic and anaerobic 
conditions. 

Automatic pH control was first successfully applied to small volumes of 
fermentation media by Longsworth and Macinnes in their study of the dis- 
similation of galactose by Lactobacillus acidophilus (24). A reliable electronic 
monitor, differing widely from that used by Longsworth and Macinnes, has 
rec'ently been produced in these laboratories. The initial impetus in the 
development of this instrument was provided by Ledingham et al. (23). 
Contributions to its design were made by various members of the Radio and 
Electrical Engineering Division, and the electronic control circuit has recently 
been described by Breeze (5, G). Neish and Ledingham devised accessory 
apparatus and were the first to use the monitor in studies of the dissimilation 
of glucose by Aerobacter aerogenes, Bacillus polymyxa, Serratia marcescens^ 
and Bacillus subtilis (33). In the belief that the recent three-channel model 
(6) may be of value in «i wide range of chemical and biochemical studies, 
further information regarding its use is given in this communication. 

The production of /^’0-2,3-butancdiol by the fermentation of whole wheat 
mashes, starch, and whole barley has been the subject of numerous investi- 
gations. The ability of B, polymyxa to ferment starch without preliminary 
saccharification led to the early utiliz.ition of whole wheat (I, IG, 22, 23, 47). 
Attention was later turned to the use of starch (10, 17, 18) and of ground 
barle> (42). In a further search for more economical source m*iterials, the 
fermentation of beet molasses has been undertaken in these laboratories on 
a pilot plant scale. The present study provides information that may serve 
as a basis for the utilization of molasses. 

Experimental 

Two locally isolated strains of B, polymyxa (('3(2) and C42(3) ) and one 
strain originally obtained trom the Universit) of Alberta (UA20G) were selected 
for their high yields of 2,3-butancdiol. Studies of the rate of fermentation 
of 15% whole wheat mashes by ("3(2) showed it to be among the four best 
strains on the basis of diol and ethanol yields (23). Strain r42(3) has given 
consistently good results with wheat (12) and through the kindness of Mr. 
F. J. Simpson a promising variant (E13) of (:42(3) was obtained from the 
pilot plant. This variant had been isolated during the course of studies on the 
adaptation of strains of B, polymyxa to the fermentation of molasses, and was 
selected for its high production of 2,3-butancdiol from this substrate. 

The complex nitrogen and growth factor requirements of B, polymyxa were 
found by Katznelson and LcK'hhead (19) to be best supplied by a basic medium 
containing yeast extract, glucose, and inorganic salts. Reagent sucrosQ 
(Merck’s and Baker and Adamson’s), >east extract (Difeo), and nutrient salt 
solutions were sterilized in four separate portions to give on mixing 250 ml. 
of a medium containing varying concentrations of sucrose, 0.5% yeast extract, 
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0.05% dipotassium hydrogen phosphate, 0.05% potassium dihydrogen phos- 
phate, and 0.02% magnesium sulphate. Addition of 4% inoculum brought 
the final volume to 260 ml. All fermentations were carried out at 33 zt 1® C. 

Inocula prepared in flasks on a shaker started the fermentation more 
rapidly than those prepared in tubes without agitation (34), Although this 
effect is helpful in the precision control of pH, in that it allows earlier super- 
vision and necessary adjustment, complete fermentation times and diol 
yields remain unchanged (4). Aliquots of a sterile stock solution (15 ml, at 
pH 6,9 to 7.0) containing 1% sucrose and 0.5% yeast extract, inoculated 
from a 48 hr. agar slant and incubated in 50 ml. Erlenmeycr flasks at 30® C. 
on a shaker for 16 to 18 hr., gave uniformly good results, and shortened the 
lag period to two to three hours. The inoculum wavS examined microscopically 
for purit> and for uniformity before addition to the medium. At the end 
of each fermentation the maintenance of purity in the culture was established 
by plating and b> the examination of Gram-stained smears. 

Pnx'edures in the use of the pH monitor have already been described (5, 6, 
33). Supplementar\ techniques were developed during this investigation to 
overcome troublesome variations in electrode potential, which sometimes 
appeared immediateh after sterilization of the electrodes by irradiation at 
X 2537 in air, and occasionally also during the fermentation. These varia- 
tions were traced to three main sources: (i) deterioration of the electrode 
glass, (ii) effects of drying on the bulbs, and (iii) imperfect lead contacts. 

Much of the success in the precision control of pH depends on the care 
given to the glass electrcxles. Deterioration begins with use, and the <ige 
ol a glass eleitrode may be defined as the length of time it has been in con- 
tact with solutions (21). Normal deterioration is probably caused b> the 
es('aj)e ot sodium or lithium ions irom the superficial film. With average 
care this proi'ess limits the useful period for a high-ohmic type (100 to 150 
megohms), such as is used with the monitor, to one to tw^o years at 25® (\ 
This period m.i\ be lengthened as much as 30% by storage in the proper 
medium (21). The rate of deterioration approximately doubles foi each rise 
in temperature of 10® (\ Sterili/atiou ot the glass electrodes by' irradiation 
ill air at X 2537 superimposes on noimal aging a more rapid deterioration 
caused by air drying at an elevated temperature (8). This w'^as eliminated by 
immersing the bulbs in water contained in dishes of Vycor 791. Electrodes 
that had become prematurely'^ unusable were readily restored to give precision 
control by' immersing the bulbs for 30 sec. in 10% hy'drofluoric acid, followed 
by several hours in distilled water. 

The form and mounting of the electrodes are of critical importance in 
maintaining cultural purity, and also in the accurate reporting ot changes in 
e.m.f. correlated with pH changes in the flasks. Electrodes with long (7 in.) 
glass salt-bridge tubes (e.g., Leeds and Northrup 1199-32) may be sealed 
through reduced 24/40 standard taper joints with high-melting paraffin and 
polyethylene cement, in a manner that permits sterilization without effecting 
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any change in the calibration of the bulbs (46). In order to adapt this pre- 
ferred electrode to a rotating system (6, 33) changes were made in the lead 
contacts.* These changes not only freed the circuit from fortuitous variations 
in potential due to faulty contacts, but increased the percentage of success- 
fully controlled fermentations by eliminating losses due to occasional breakages 
of the leads. 

The methods of analysis for 2,3-butanediol, aceloin, ethanol, carbon 
dioxide, and hydrogen have been previously described (31 , 41 ). Organic acids 
were determined by partition chromatography (32), and carbon assimilated 
by wet combustion (33, 45). Residual invert sugar was estimated by the 
Underkofler semimicro modification of the Shaffer-S^^mogyi method, stand- 
ardized with hydrolyzed sucrose (13). 

Results 

Selection of the most favorable of the common soluble alkalis and of the 
best strain of B. polymyxa preceded establishment of the optimal pH level 
and of the most suitable sucrose concentration under aerobic and anaerobic 
conditions. Carbon balances for the anaerobic fermentation of 5% sucrose 
at pH 7.2 by strain C3(2), in which scxlium, potassium, and ammonium 
h>droxides were used to maintain pH are given hi Table I. Use of cither 
sodium or potassium hydroxide in place of ammonium hydroxide retards the 
fermentation rate so that the period for conijilete dissimilation is increased 
more than five times. The yields of ethanol and acetoin are normal for an 
anaerobic fermentation. The low diol >ields are expl.iined b\ the well known 
inactivation of the acetoin enzyme system near pH 7.0 (28). Differences 
between the alkalis become accentuated at a pH as high as 7.2, since much 
larger amounts must be added for neutralization at this comparatively high 
pH level. It is difficult to explain the unusually high percentages (1()9 to 
181 mM. per 100 niM. of invert sugar fermented) apfiearing as carbon avssimil- 
ated in Table I. These are corrected values and the\ point to the action of 
factors other than vigorous growth and the absence of lysis. They may be 
correlated with |3^ilymer formation during carboh>dratc degradation. 

The response of thrc(‘ dilTerent strains to standardized anaerobic conditions 
in a 4.8% sucrose medium at pH 7.2 is shown in Table H. Siniins ('3(2) and 
UA206 display greater sensitivity to continued neutralization of the medium 
than C42(3)E13. The enzyme system in strain ('42(3)E13 responsible 
for acetoin production apparently becomes inactive only at a higher pH. 
Compared with normal yields, ethanol production is most markedly increased 
and diol yield decreased with strain C3(2). The reduced carbon dioxide 

*7'he lead wire From the Standard tlf)ih-32 electrode is removed, the top of the aluminum cap 
threaded for a in. stainless steel plug in. long, and bearing upper and lower pins (10 mm^ 
and f) mm. long respectively) turned from the body of the plug. The aluminum cap is partially 
filled with mercury, the plug inserted, and a silver-plated beryllium-copper spring clip is attached 
i>. the upper pin. A W in. double (loop) phosphor-bronze dial cord is wldered to the clip and 
lo the cable leads. 
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FABLE I 

Anafrobic nissiMH ArioN of 5% sicrosf n\ sfrain C3(2) Ar pH 7 2 covjroli td 

BY SODIUM, POTASSIUM, AND AMMONIUM HYDROKIDI S 


Pioduct 


2,3-Biitdne(liul 

^tetom 
Ethanol 
Acetic acid 
Fc^rmic acid 
SiKcinic acid 
Lactic acid 
Cdilxm dioxide 
Hydrogen 
Carbon assimil.ited 
CO> obs /calc 
Hi obs /(die 
\cetoin -f «l»ol 

-■ElhTnd- 

Carbon re(ovcr\, % 
OIR Index 

Firineiilatujii time, hr 
% invert sugai used 
pH at licginning 
pH at cticl 


Millimoles per 100 luM 
invert sugar fermented 


NaOH 

KOH 

\HtOH 

9 0 

123 

11 5 

1 2 

1 1 

3 1 

73 r> 

70 G 

73 2 

25 b 

22 5 

21 1 

1 9 

15 

11 7 

07 

05 

08 

2 3 

23 

1 4 

195 3 

180 2 

150 3 

lb I 9 

U4 5 

95 8 

169 4 

169 9 

ISO 7 

0 98 

0 90 

0 75 

162 

1 45 

0 9t> 

03 

0 1 

04 

103 0 

100 3 

100 1 

I 15 

1 11 

1 10 

119 

119 

23 

97 b 

92 1 

100 

720 

7 20 

720 

7 20 

721 

731 


r\Bll H 


Xnmrohic nissiMii xiion or l8%sicRosi \r pH 7 2 by 
THRI I siRMNS oi BauHus polymyxa 



Millimoles per 100 niM 

PnxIiK t 

invert sugar fermented 


Strain C3(2} 

Strain 1 A20(> 

Strain C42(3)E13 

2,3<Biitanediol 

18 7 

24 1 

43 2 

\cctoin 

b 1 

5 4 

5 4 

Ethanol 

82 7 

58 6 

54 9 

Xcetu acid 

50 1 

13 3 

23 4 

Formic ac id 

9 1 

2 1 

143 

Succinic acid 

1 3 

0 1 

19 

Lactic acid 

20 

1 6 

1 7 

Carbon dioxide 

162 5 

185 8 

162 1 

Hydrogen 

109 3 

128 2 

75 5 

Carbon assimilated 

43 1 

407 

44 1 

COi obs /calc 

0 81 

0 93 

081 

H** ob<? /calc 

1 0*1 

128 

0 75 

Xcctoin 4- diol .. * . 

h.hanol 

06 

10 

1 7 

Carbon recovery 

1000 

93 6 

98 2 

0/R Index 

0 96 

1 12 

103 

FermenUtion time, hr 

22 

31 

19 

% invert sugar used 

99 8 

99 6 

99 2 

pH at beginning 

720 

720 

720 

Final pH 

720 

7 34 

7 43 
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9 

formation (80 to 90% of theoretical) is correlated with an increase in the 
production of organic acids. 

The apparent sensitivity of strain C3(2) to changing hydrogen ion concen- 
tration led to an investigation of its response over a range of pH levels (Table 
III). To summarize the results, there is a marked change in the chemical 
balance near pH 7. Diol and ethanol yields become almost normal below 


TABLE III 

Anaerobic dissimilation of 4.8% sucrose at various pH 
LEVELS BY STRAIN C3(2) 


Millimoles per 100 mM. invert sugar fermented 


Product 




pH 5.6 

pH 6.0 

pH 6.4 

pH 6.8 

pH 7.2 

2,3-But:ancdiol 

56.0 

55.4 


56.3 

49.6 

18.7 

Acetoin 

3.0 

2.2 

2.8 

1.2 

1.9 

6.4 

Ethanol 

70.3 

71.9 

57.2 

65.4 

69.6 

82.7 

Acetic acid 

0.9 

1.1 

1.3 

7.3 

19.0 

50.4 

Formic acid 


0.4 


0.3 

0.6 

9.1 

Succinic acid 


0.6 


0.4 

0.3 

1.3 

Lactic acid 


0.7 

1.4 

1.5 

0.7 

2.0 

Total organic acids 

33 

2.9 

3.6 

9.6 

20.7 

64.0 

Carbon dioxide 

201.8 

181.8 

203.8 

197.3 

193.5 

162.5 

Hydrogen 

102.4 

84.7 

113.8 

102.4 

109.0 

109.3 . 

Carbon assimilated 

27,5 

27.1 

25.1 

29.7 

8.8 

43.4 

COj obs./calc. 

1.01 

0.91 

1.02 

0.99 

0.97 

0.81 

Hg obs./calc. 

1.02 

0.85 

1.14 

1.02 

1.09 

1.09 

Acetoin -f diol . 

Ethanol 

1.6 

1.6 

1.8 

1.7 

1.4 

0.6 

Carbon recovery 

102.6 

98.5 

94.2 

101.6 

98.4 

100.0 

O/R Index 

0.97 

0.91 

].06 

0.98 

0.98 

0.96 

Fermentation time, hr. 

71 

71 

29 

27 

26 

22 

% invert sugar used 

98.4 

95.2 

91.3 

97.2 

97.6 

99.8 

pH at beginning 

Final pH 

5.20 

5.60 

6.00 

6.10 

6.80 

7.20 

5.27 

■ 

6.19 

6 52 

7.01 

7.20 


pH 0.8 while above this level they are .suppressed and acids accumulate. This 
confirms the results obtained by Neish anil Ledingham (33) and an observation 
by Adams and Leslie (2) on pH controlletl fermentations of whole wheat 
mashes by strain C3(2). Production of total and individual acids decreases 
steadily as the pH falls to 5.6. The marked increase in acid production above 
pH 6.8 is correlated with a decrease in carbon dioxide formation. Over the 
entire range from pH 5.2 to 6.8 the production of carbon dioxide remains close 
to the theoretical. From pH 5.6 to 6.0 there is a conspicuous drop in the time 
for 95% dissimilation, followed by a slow steady decline as the pH increases 
to 7.2. Neish and Ledingham (33) using strain C2(l) found the shortest 
fermentation period to occur at pH values of 6.2 to 6.8. Variations in the 
percentages of total carbon assimilated are probably associated with the 
vai,' ing degrees of autolysis that occur in an aging culture (23). 
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For comparison the effects of a range of pH levels on product yields from 
C42(3)E13 in 4.8% sucrose under «mil&r conditions are shown in Table IV. 
The general observations apply to the data from both strains.' Total yields 
of diol plus acetoin are somewhat higher at a given pH than with C3(2), 
although the diol yields themselves are lower. Stahly and Werkman (40) 
have shown that diol-acetoin ratios are correlated with changes in the oxida- 
tion-reduction potential. 


TABLE IV 


Effects of pH levels on product yields from strain C42(3)E13 in 4.8% sucrose 

UNDER DEOXYGENATED NITROGEN 


Product 

Millimoles per 100 mM. invert sugar used 

pH 6.0 

pH 6.4 

pH 6.8 

pH 7.2 

2,3-Butanediol 

52.0 

53.5 

60.4 

43.2 

Acetoin 

4.2 

4.9 

4.2 

5.4 

Ethanol 

67.6 

58.2 

56.8 

54.9 

Acetic acid 

4.4 

12.2 

12.0 

23.4 

Formic acid 

0.7 

1.1 


14.3 

Succinic acid 

0.4 

0.4 


1.9 

Lactic acid 

2.0 

2.7 

■m 

1.7 

Total organic acids 

7,8 

16.8 

15.5 

42.2 

Carbon dioxide 

189.7 

176.0 

193.5 

162.1 

Hydrogen 

71,8 

66.3 

88.8 

75.5 

Carbon assimilated 

62.2 

44.4 

23.8 

44.1 

CO 2 obs./calc. 

0.95 

0.88 


0.81 

Ha obs./calc. 

0.62 

0.66 


0.75 

Acetoin -f diol ^ . 

— j (by wt.) 

hthanol 

1.9 

2.0 

1.9 

L7 

Carbon recovery 

101.8 

101.4 

97.4 

98.2 

0/R Index 

1.08 

1.00 


1.03 

Fermentation time, hr. 

48* 

48* 

48* 

19 

% invert sugar used 

97.3 

97.7 

98.3 

99.2 

pH at beginning 

6.00 

6.40 


7.20 

Final pH 

6.12 

6.46 

6.84 

7.43 


*Not true fermentation time. 


Complete balances for the anaerobic dissimilation of sucrose in varying 
concentrations by strain C42(3)E13 at pH 6.2 are given in Table V. Diol 
yields increase and ethanol yields decrease steadily with increasing sucrose 
concentration. Up to 8% of sucrose, increases in diol yield are accompanied 
by decreasing accumulations of acetic acid (28, 35) and slight increases in the 
production of lactic a’cid. This is confirmation of the data presented by 
Mickelson and Werkman (28) and by Reynolds and Werkman (35). The 
total organic acids produced per 100 mM. of invert sugar fermented decreases 
at first rapidly and then more slowly with increasing sucrose concentrations, 
(to 8%). Moreover there is a general but irregular increase in fermentation 
tipie as the percentage of sucrose in the medium increases {vide infra). The 
most efficient conversion to diol occurs in media containing about 8% sucrose, 
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TABLE V 

Product yield vs. si crose concentration using strain C42(3)E13 
AT pH 6.2 UNDER Nl TROGEN 


MilHinoleb per 100 niM. invert sugar used 


Product 



4% 

sucrose 

5% 

sucrose 

e% 

sucrose 

8% 

Microbe 

10% 

sucrose 

2,3-Butanediol 

54.7 

54.8 

59.7 

05.2 

71.2 

Acetoin 

4.1 

3.7 

0.9 

2.4 

3.0 

Ethanol 

60.7 

00.2 

04.6 

60.0 

40.7 

Acetic acid 

14.3 

8.9 

3.5 

1.9 

7.4 

Formic acid 

0.0 

0 

0.2 

0.2 

0.3 

Succinic acid 

0.2 

03 

0.1 

0.2 

0.2 

Lactic acid 

J.O 

1.7 

3.1 

3.5 

> 

4.2 

'total oi gallic acids 

1 17.0 

10.9 

0.9 

5.8 

12.1 

C'arbon dioxide 

1 218 

199 

175 

180 

170 

H\drogen 

88 

80 

03 7 

04.5 

08.3 

Carbon assimilated , 

CO^ obs./calc. 1 

1 1.09 

l.OO 

0 0 

0 87 

0.93 

16.5 

0.85 

Hi obs./calc 

0.88 

0.80 

0 04 

0.65 

0.08 

Acetoin 4- cliol ^ 1 

Klhanol 1 

1 1.0 

1.7 

1.8 

2.2 

3.0 

('arbon recovery , % \ 

1 103.9 

98 1 

94 9 

98.9 

99.0 

0/R Index 

l.Jl 

1.02 

0.94 

0.90 

0.92 

Fermentation time, hr. 

1 25 

29 

23 

30 

71 

% invert sugar used , 

pH at beginning 

86.3 

95.7 

95.0 

99.2 

94.4 

1 0 20 

0.20 

0 20 

0.20 

0.20 

Final pH 

1 0.21 

0.25 

0 30 

0 21 

0.23 


in which 99% of the sugar is dissimilated in 30 hr., priKliicing 05 mM. of diol 
per 100 niM. of invert sugar fermented. 

Rcjxirts by various authors indicate that the optimal sucrose concentration 
for diol production varies wideh with the precise conditions under which the 
fermentation takes place. P'ulmer, Christemsen, and Kendall (12) found an 
optimal initial sucrose concentration for Aerobacter of 8%, while Freeman 
reported a maximum diol yield (87.4% of theoretical) with an initial sucrose 
concentration of 15% (11). In the former investigation 20 days was required 
to complete the fermentation, while in the latter complete sucrose conversion 
took place in 35 hr. 

For comparison of the aerobic and anaerobic dissimilations of sucrose, a 
similar series using strain ('42(3)E13 was performed using air in place of 
nitrogen. Under these conditions dissimilation is slow'er, and at concentra- 
tions of 8 and 10% is incomplete even after 148 hr. (Table VI). Total yields 
of diol plus acetoin are considerably augmented, and remain fairly constant 
at about 80 mM. per 100 mM. of sucrose fermented. Ethanol yields show 
th^‘ conspicuous depression known to accompany aeration (1, 37). The large 
increase in the diol-ethanol ratio, which reaches a maximum at 10%, is thus 
explained. In contrast to their formation under nitrogen, total organic acids 
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TABLE VI 

Aerobic dissimilation oi sucrosi in varying coNcrNTR^rioNs at pH 6 2 
BY strain C42(3)E13 


Product 

Millimoles per 100 inM invert sugar used 


4% 

sucrose 

6% 

sucrose 

6% 

sucrose 

8% 

sucrose 

10% 

sucro>»e 

2,3-Butdnediol 

47 2 

37 8 

58 0 



Acetoin 

34 6 

37 6 

213 



Acetoin -4- diol 

818 

75 4 

82 3 


812 

Ethanol 

11 6 

23 7 

202 


138 

Acetic acid 

06 

15 

82 


45 

Formic acid 

03 

06 

02 


0 

Succinic acid 

02 

02 

0 



Lactic acid 

03 

37 

10 5 


137 

Total organic acids 

1 5 

9 0 

18 0 

14 8 

18 4 

Carbon dioxide 

244 

210 

173 

107 

184 

Hydrogen 

1 0 

20 

10 

1 0 

08 

CO 2 obs /talc 

1 22 

105 

0 86 

0 08 

0 02 

Hs obs /calc 

0 01 

1 0 02 

0 01 

0 01 

008 

Acetoin -f diol „ . i 

Ethanol 

80 

6 2 

70 

87 

114 

Carbon recovery, % 

*)9 8 

06 7 

08 4 

‘»8 4 

‘180 

Fermentation lime, hr 

50 

104 

71 

148 

148 

% invert sugar used 

08 8 

80 5 

%5 

834 

78 5 

pH at Ix^ginning 

6 20 

6 20 

6 20 

6 20 

620 

Final pH 

6 31 

621 

621 

620 

6 27 


increase under air with incrcabinj( sucrose concentration from i to 69r» 
remain relati\el\ constant at hij^her concentrations. Dissimilation of ()^o 
suciose becomes 98% c'omplete in 71 hr., and prcxluces 82% b> weight of 
theoretical diol jilus acetoin. The conspicuous and iiiegular differences in 
diol ^ield, along with the relative c'onstancy of total diol plus acetoin, is 
furthei evidence cjf fluctu«itions in hh (40). These data confirm the con- 
clusion of Adams, based on the fermentation of wheat mashes under aerobic 
and anaeiobic conditions (1). 

The physical and chemical factors influencing e.ich fermentation had been 
standardized «is carelull> as possible, but marked fluctuations arc still apparent 
in carbon dioxide pioduction and in ethanol and acid fields. These fluctua- 
tions have been asciibed to the inherent variability of the organism (2), the 
basis ot part of this variabilit> may reside in trace-element scnsitivit} (29). 

'Fhe examples of irregular fermentation times provided in Tables V and \T 
are often obseived in studies wdth BatiUtn polymyxa. These apparently 
fortuitous variations arc correlated with cessations of acid produc tion recorded 
by the mc^nitor (fi). The duration of such ‘rest periods' varied from several 
to many hours. Recovery invariably followed and dissimilation proceeded. 
Microscopic examination during a quiescent period revealed no visible abnor- 
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malities in the organism. Disappearance of a necessary growth factor and 
its subsequent resynthesis by the organism offers one of a number of possible 
explanations. 

Discussion 

The effects of pH on fermentation efficiency are slight from pH 6.0 to 6.4, 
although they become accentuated above and below this range (Tables III 
and IV). Increased fermentation times accompany reduction of the pH 
much below 6.0. Above pH 6.0 the increased production of total organic 
acids by both C3(2) and r42(3)E13 is correlated with a general decrease in 
carbon dioxide production. Moreover, diol yields begin to show a decrease 
above pH 6.4 and the increased acid production necessitates increased addi- 
tions of alkali. Favorable yield of diol, low acid production, low alkali 
utilization, and favorable fermentation rate point to a maximum efficiency 
in the vicinity of pH 0.2. This corresjMinds closely with the recommended 
optimum of 6.0 in whole wheat mashes (2) and of pH 0.2 in glucose dissimila- 
tion (33). It also coincides with the optimum pH of 0.2 selected by Kendall 
for Aerobacter spp. (20) and this observation is supported by the evidence for 
a critical pH level of 0.3 for .4. indologeties. It was demonstrated by Mickelson 
and Werkman th.it arctic acid is condensed to acetoin below pH 0.3, whereas 
above this level it accumulated as the free acid (28). If choice of the optimum 
pH is based on gl^Tol >ield, the data of Freeman point to an optimum from 
pH 5.0 to 5.5 (or A. aerogenes 199. The initial rate of sucrose conversion vMS 
25 to 30% greater at pH 0.0 to 0.5 than at 5.0 to 5.5, but the final gl>col yield 
was 22% higher over the lower lange (11). Anahses of end products in the 
present investigation provided no evidence that measurable changes in yields 
follow variations of zb 0.1 pH units. Statistical analysis of the results from 
a series of closel> controlled runs would be necessary to determine the effects 
of such minor deviations. 

The final pH values in Tables I to VI are relative. They were obtained by 
calibrating the monitor at a tempeiature of 33° i 1° C. with a buffer stand- 
ardized on the S0rensen scale at 18° C.* (7) and retaining the buffer to recali- 
brate a pH meter at room temperature at the end of the fermentation. The 
pH of the fermenu-d liquor was always higher than that of the original setting, 
often by as much as one or more units. No critical analysis pf the factors 
that may be responsible lor this swing to alkalinity at the end of the fer- 
mentation period has been made. The difference in number of scale units 
l)etween the original potentiometer setting and the final setting at re-balance 
divided by 293 gave the difference, or, in pH units from the original setting. 
The divisor (295) is based on a value of 0.059 v. per pH unit, and an exact 
calibration of 5.0 scale divisions per millivolt. Addition of the x value to 
the pH of the buffer and comparison of this total with the reading of the pH 
meter gave the ‘final pH* values recorded in Tables I to VI. For 20 of the 
23 fermentations the deviation is positive (average = + 0.08), i.e., the calcu- 

*CtarI' and hubs NaOH.KHiPOi mixtures. 
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lated pH is below that of the fermented liquor. This consistently positive 
deviation points to inaccuracy in one or more of the measurements. Differ- 
ences between the standardization temperature of the buffer and that at which 
it is used in calibrating the monitor and the pH meter, changes in the liquid 
junction potential, disbalance in the electronic control circuits with resulting 
inequalities in calibration at different points on the scale, use of the RT/F 
factor at 25® C. (i.e., 8® C. below the fermentation temperature), and changes 
in electrode e.m.f. during the period of measurement are some of the factors 
that may have contributed to the positive deviation. An evaluation of 
these factors will be made in a subsequent study. 

The adverse effects of sodium and potassium hydroxides shown in Table I 
may be correlated with changes in cell permeability induced by excessive 
addition of unbalanced sodium or potassium ion. The marked acceleration 
in fermentation rate with the addition of ammonium hydroxide may be linked 
with beneficial effects on nitrogen metabolism. Insufficient evidence is avail- 
able to allow evaluation of these two separate effects of ammonia. Freeman 
(11) has noted that fermentation rates and diol formation by Aerobacter aero- 
genes ^\ere lower in media controlled by stepwise addition of sodium h\droxide 
than in the presence of calcium carbonate. The difference was attributed to 
the unavoidable width of the pH steps between successive additions of alkali. 
Although wide fluctuations in pH doubtless have consideiablc influent e, the 
toxicity of excess sodium or potassium ion ma\ be partly responsible for the 
* low fermentation rates and diol yields. From a comparison of J5. polymyxa 
fermentations of whole wheat mashes (a) buffered by calcium carbonate and 
{b) controlled by additions of ammonia, Adams and Leslie (2) selected the 
latter as preferable because of its inherent sterility, range of control, ease of 
addition in either the liquid or the gaseous state, .ind lower cost. To these 
advantages may be added a supply of available nitrogen and acceleration of 
the fermentation rate with automatic pH control. 

All the products rei)orted in the carbon balances have been characterized 
for this fermentation (9). Other compounds, e.g., malic acid and acetone, 
are known to occur in media fermented by certain strains of B, polymyxa 
(9, 3(5) and some evidence for the presence of small amounts of these sub- 
stances was obtained. The formation of traces of acetone was revealed in 
about half of the fermentations by the oxime method (15) after apphing cor- 
rections for acetoin (31). Traces of malic acid were disclosed by filter paper 
chromatography, and the application of Shape's method (38) shouted the 
possible presence of glycerol. These compounds were not present in amounts 
sufficient to affect the carbon balances and they have been omitted from the 
tables. 

There is still no general agreement as to the mechanism by which acetoin 
arises in the degradation of carbohydrates by bacteria, although there is 
evidence that pyruvic acid and acetaldehyde may be the immediate pre- 
cursors. (14, 39). The mcxle of ethanol formation is also obscure. A common 
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explanation of the effect of aerobic conditions on this fermentation has been 
that 5 i:aseous oxygen acts as a hydrogen acceptor, decreasing the reduction 
of acetaldehyde to ethanol and favoring its condensation to acetoin (I, 3). 
Rose pointed out the irrelevancy of this assumption (37) and Gale has recently 
suggested that coH-aerogenes organisms may produce ethanol directly from 
dihydroxyacetone phosphate (13). Most of the investigational evidence for 
this hypothesis has been obtained from members of the coli-aerogenes group 
and additional information must be collected before its extension to the 
carbohydrate metabolism of B. polymyxa. 
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ON THE USE OF CRYSTAL CONTROLLED SYNCHRONOUS 
MOTORS FOR THE ACCURATE MEASUREMENT OF TIME* 

By V. E. Houjnsworth 


Abstract 

Making use of the quarts frequency standard of the Dominion Observatory 
crystal clock an electronic frequenc> converter has been constructed that trans- 
forms the M.OOO cjcle output of the crystal to a frequency pt 60 cycles. Suitable 
amplification makes possible sufficient power for operating several standard 
60 cvclc motors and these are being used to drive printing and drum chronographs 
and for the operation of other t\pes of recorders. 


Introduction 

% 

There arc man\ applications in scientific work for small synchronous motors 
capable of constant speeds ol rotation. However, when such motors are 
operated from a commercial alternating current line, variations in frequency 
with resulting variations in motor speed often result in unsatisfactory per- 
formance. Particularly is this true in observatories and institutions concerned 
with the precise measurement and recording of time. For this reuvson a 
project was undertaken at the Dominion Observatory’ to develop a means 
of operating synchronous motors with a constancy of rotational speed corres- 
ponding to the performance ol the best clocks. If accuracy of this order 
could be obtained, such motors could be used with suitable electrical contacts 
to operate clock dials, for use as interval timers or as drives for chronograph 
drums, printing chronographs, and other types of time recorders. 

The principle adopted for the control of motor speed was to make use of 
the vibrational (|ualities of qutirtz crystals to provide an alternating current 
of constant frequency, and then by the use of frequency dividers followed 
by a stage of frequency multiplication and suitable amplification to produce 
60 cycle power sufficient to operate a number of small synchronous motors. 

Quartz has long been known to have piezoelectric properties (1), that is, 
it will transform a mechanical strain into an electrical charge and vice versa. 
A suitably cut quartz wafer (6) or bar may be sandwiched betw’een two 
electrodes and made to vibrate nieihanically at its resonant frequency by 
the application of alternating electrical pulses to the electrodes, and if the 
timing of the pulses is correct, the vibrations of the quartz will be maintained. 
The crystal may be coupled to an electrical circuit and in effect made to 
substitute for a coil and condenser resonant circuit (9). As the crystal will 
not vibrate at frequencies other than that at which it is resonant, the circuit 
that it controls will function only at that particular frequency. 

' Manuscript received in original form March 5. and, as revised, September SO, 1949, 
VoL II, No. 6 Contributions from the Dominion Observatory. 

Published by permission of the Director, Mines, Forests, and Scientific Services Branch, 
Depot tsnent of Mines and Resources, Ottawa, Canada. 
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If the temperature of the crystal is controlled within sufficiently narrow 
limits, in a suitable thermostat, the variations in the natural frequency of 
the crystal will be extremely small, so small in fact that such crystals have 
now become among the world’s best timekeepiers (2). Crystal controlled 
clocks have largely supplanted the pendulum type as master timekeepers in 
most observatories (3, 4, 5). Quartz crystals of suitable physical dimensions 
are also used to accurately maintain the broadcast frequencies of all radio 
stations. 

The problem of crystal control of synchronous motors thus becomes that 
of obtaining a low frequency crystal and subdividing its natural period of 
vibration in steps, having a ratio of not greater than 10 to 1, until the desired 
output frequency is obtained. Precision ejuartz plates are usually cut to 
have a natural frequency of cither 50 or 100 kc. (0). The first frequency 
divider would reduce this to 10 kc., the second to 1 kc., the third to 100 
cycles, the fourth to 10 eyries, and this may^ then be multiplied six times 
to give 60 cycle current. As very little power is available from these frequency 
changing circuits, a heavy duty power amplifier as the final stage is reijuired 
to supply sufficient voltage and current for the operation of a number of 
motors. 

Let us now consider the practical construction of an Electronic Frequency^ 
Converter to operate on the i)rinciplc outlined above. At the Dominion 
Observatory the availability of a crystal clock (General Radio Frequency 
Standard) with a 60 kc. quartz ciystal and an output frequency of 1000 
cycles provided an excellent bavse on which to build. It w’as necessary^ to 
construct only three units to convert this 1000 cycles to 60 cycles (7, 8) plus 
a povv er amplifier to deliver the desired voltage and current for motor operation. 

The first unit reduced the frequency to 100 cycles, the second to 10 cycles, 
and the third increased it to 60 cyxles. Other frequencies might have been 
chosen, viz., 1000 to 3000 cycles, 3000 to 300 cycles, and 300 to 60 cycles, 
but it v\as considered advantageous to have both 100 cycle and 10 cycle 
outputs available for other purposes. 

An examination of the circuit diagram of the first unit, Fig. 1, will serve 
to illustrate the principles involved. The first tube is merelv an amplifier to 
isolate the frequency determining circuit from the input line. The second 
and third tubes, wdth their associated condensers and resistors, generate 
recurring pulses at the rate of 100 per sec., since the values ot condensers 
and resistors that wfll produce this frequency were selected. 

The recurring feature is proimred by' feeding back some of the output 
voltage from the third tube to the grid of the second tube; this causes the 
circuit to oscillate. An adjustable resistor makes it possible to set the fre- 
quency of oscillation at the desired value. In practice this setting is just 
'Under 100 cycles so that the oscillator is just about ready to produce a pulse 
when every tenth pulse of the 1000 cycle control frequency arrives and initiates 
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It This, tlien, is the method of (oiitrol and ma> be cairied on in the two 
lollowing units to suppl> a linal f^equenc^ ol 00 cvcles controlled the 

1000 (>tle supply which, in turn, through intermediate stages is controlled 
b\ the 50 kc trxstal 

100 CYCLE FREQ DIVIDER 
TYPE 6J5G TUBES 



Ihi fouith tube in the (iidiit is an isolating ampliliei to piexent siicit-ediiig 
st«iges Itom inteilenrg with the tieciuciux deteiniiiimg net w oik, and is also 
the place selectc'd to install a icsoiMiit ciHiiit, i e , «i tiansiormei tuned to 

10 CYCLE FREQ DIVIDER 
TYPE 6J56 TUBES 



100 cycles by a condensei, to produce sine w«ive loim from the ‘'sawtooth'* 
type generaUnl by the oscillator. If this is not done the succeeding 10 cvcle 
stage i- likely to be triggered by one of several spurious peaks appearing on 
the ragged untuned wave. 
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The above description of the operation of the 100 cycle freciuency divider 
applies generally to both the 10 cycle unit, Fig. 2, and the 00 cycle unit, iMg. 3. 
However, a few points in the 00 c>cle unit warrant further description. As 

60 CYCLE FREQ. MULTIPLIER 

TYPE 6J5G TUBES 



the 10 c\cle pulse is nonnnlK much broader than a (U) c\cle pulse, some 
means had to be ioiind ot narrowing the wave torm in order that a definite 
influence, or triggering ai'tion, should be exerted on «i single waw, i.e., e\x*ry 

60 CYCLE POWER AMPLIFIER 



sixth wave of the 00 cvcle unit, w ithout disturbing the fifth or sc*venth wave.s. 
It was thought that this could be accomplished b\ using a high driving voltage 
'on the grid of the first tube in the 00 cycle unit, and biasing the grid sutficiently 
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negative so that only the peaks of the positive saving would be effective in 
changing the plate current of this tube. As the peak is much narrower than 
the whole \vave this method would appear to be satisfactory. This w|is 
found to be so when the input circuit, Fig. 3, was constructed as shown. 
An audio transformer with a 1 : 3 turn ratio was used to boost the voltage 
and a 10,000 ohm cathode resistor supplied sufficient bias. The unwanted 
negative portion of the voltage wave was shorted out by suitably connecting 
a half wave rectifier across the transformer secondary'. 

In other respects the 60 cycle unit is similar to the 100 c>cle unit described 
above. 


AMPLIFIER POWER SUPPLY 



A heavy duty amplifier, Fig. 4, was constructed to build up the output of 
the GO cycle unit to supply sufficient po\\tT both lor the operation of syn- 
chronous motors and lor providing stability so that the addition or removal 
of several motois \\ould not seriously alter the voltage. Tho one constructed 
for use at the Dominion Observatory will deliver up to 150 ^\. at 115 v. with 
sine wave form. 'Lhis power is sufficient to operate (juitc a number of small 
motors drawing from 2 to 10 w'. each. 

Type 811 tubes were used, as these are capable of delivering the required 
power and are available cheaply as war surplus. 

A conventional class “B” circuit was employed, using push-pull Gl.G tubes 
as drivers, which were, in turn, controlled by a single GJ5 input tube. The 
input circuit was resonated at GO cycles to ensuic that the input, and hence 
the output, would be of sine wave form 

A heavy duty power supply, Fig. 5, was constructed on a separate chassis 
to supply the plate voltage for the Type 811 tubes. These require 1200 v. 
at 200 ma. for full output, so components capable of delivering this power 
were used. As our present loading of 40 w. represents less than 30% of full 
load rar>acity, the equipment runs cool and has a large factor of safety. As 
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Plate I 



Rear mew of Dominion Observatory electronic frequency converter, etc. 


Shmvin^the application of a synchronous motor 


ethf tvpi winds of a printing (hrononjraph 
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riAii III 



A synchronous motor drivin Itmt conitrter to derive sidereal time from mtan time 
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many as 10 motors could be operated continuously and still leave a satis- 
factory operating margin. 

Good filtering of the rectified a. c. is required to avoid locking-in of the 
60 cycle controlled freciuency with the a-c. line frequency. 

All components used throughout were underrated so that the resulting 
large safety factor would minimize break downs. 

Many uses are being found for this crystal controlled source of power. 
Both high and low speed recording chronograph drums are being driven by 
synchronous motors. The rotating t\pe wheels of the printing chronograph, 
Plate II, are also being operated this way with considerable improvement 
over the governor method. Small synchronous clock motors equipped with 
contacts are being used to give seconds impulses and a gear train Time Con- 
verter, Plate III, has been constructed to produce sidereal time from mean 
time w'hen synchronously driven. 

To measure the accuracy, as a timekeeper, of a motor controlled by the 
above power supply, a second’s contact was actu.itcnl by the rotor of a Bodine 
motor (60 r.p.m.). Comparisons were made with the original crystal clock, 
and the variation between the two was of the order =fc 1 X 10“* sec. This 
was the limit of measurement and verv likely the variation is considerably less 
than this quantity. 

All units arc rack mounted as illustraUnl on Plate I. This affords economy 
of space and enhances the appearance. 

Early causes of “pull out” have been analyzed and corrected, and during 
the past year the operation of this equipment has been very" satisfactory. 
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FACTORS AFFECTING THE DETERMINATION OF MOISTURE 
IN HARD RED SPRING WHEAT BY COMMERCIAL 
ELECTRICAL METERS^ 

By A. E. Paull^ and V. Martens* 


Abstract 

Staiisticdl anaiysib of data obtained with eight commercial electrical moisture 
meters and 169 samples of Hard Red Spring wheat shows that variations in 
bushel wcip[ht and kernel weight have an eftect on the moisture readings but 
variations in protein and ash content do not. An appreciable amount (from 10 
to 30%) of the variation in the G.R.L., Steinlite, Marconi, and Mullard readings 
is attributable to variations in bushel weight alone; and in the Patterson and 
Tag-Dielectric readings to bushel weight and kernel weight jointly. The Tag- 
Heppenstall and Universal meters are not influenced appreciably by the factors 
investigated. 


Introduction 

A recent paper from this Laboratory (4) presented results of a comparative 
study of 10 electrical moisture meters based on observations on 159 samples 
of hard red springy wheat. All machines measured the electrical property of 
the samples, either resistance or capacitance, with good precision, but for 
some machines the correlation between the electrical property and moisture 
content was considerably better than for others. Electrical properties of a 
grain sample are dependent also on factors other than moisture content, and 
these additional factors have a greater influence with some meters than 
with others. The present paper shows that the average size and shape of 
the wheat kernels, as estimated by bushel weights or 1000-kernel weights, 
affect meter readings, but that the readings are not affected by the protein 
or ash content of the samples. 

Materials and Methods 

Data for eight meters, Tag-Heppenstall, Universal, Tag-Dielectric, G.R.L., 
Patterson, Steinlite, Mullard, and Marconi, have been examined. An earlier 
paper (4) described methods used for determining the moisture contents of 
159 wheat samples by the split vacuum oven method and with the electrical 
meters. Other measurements were made by standard methoils. Ranges for 
the series of samples were: moisture, 11.7 to 17.6%; bushel weight, 55 to 65 lb.; 
1000-kernel weight, 17.8 to 35.1 gm.; protein content, 12.4 to 19.2%; and 
ash content, 1.27 to 1.98%. Levels of these properties were distributed 
randomly over the respective ranges. 

^ Manuscript received July fS9, 1949, 

Paper No, 102 of the Gram Research Laboratory, Board of Grain Commissioners for Canada^ 
Winnipeg, Manitoba, and No, 276 of the Associate Committee on Grain Research, 
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Multiple regression methods were used to study the possible effects of these 
properties on meter estimates of moisture content, and tests of significance 
were applied to determine whether the effects observed were likely to have 
arisen other than by chance. Those factors for which a real effect was demon- 
strated were then examined to determine by how much the error of estimating 
moisture would be reduced if the effects of the factor were eliminated. 


Results 

Bushel weight exhibits an influence on moisture readings for all the meters 
tested, and kernel weight exhibits an influence on all except the Mullard, 
although in both cases the effects for the Tag-Heppenstall, Universal, and 
Tag-Dielectric meters are so small as to be of little practical importance. 
Neither protein nor ash content gives evidence of influencing the moisture 
readings of any of the meters. 


TABLK I 

SlANDVRD ^RR()RS <)!• ESIIMME IN MOIST L Rl* RCADINCt UNIIS AFFFR ADJUSFINfw 
F<^R MOIsn RE COMEM, BUSHFL WIU.HF, AND KERNFL WMGHT 



Total 
error of 
estimate of 
moisture 

ICrrors of estimate after adjusting for; 

Moisture 

and 

bushel 

weight 

Moisture 

and 

kernel 

A\cight 

Moisture, 
bushel weight, 
and 

kernel weight 

Tag-Hepjienstall 

0.23 

0.23 

0.22 

0.21 

Universal 

0.27 

0.27 

0.20 

0 25 

TaK-nielerlric 

0.34 

0.34 

0.33 

0.31 

G.R.L. 

0.35 

0.25 

0.33 

0.24 

PalttTson 

0.30 

0.38 

0.30 

0.34 

Steinlitc 1 

0.41 

0 30 

0.38 

0.30 

MuUard 

0.45 

0.40 

0.42 

0.40 

Marconi 

0.53 

0..30 

0.50 

0.38 


A more detailed account of the relative effect of bushel weight and kernel 
weight is given in Table I. Standard errors of estimate arc presented for 
the eight meters when no account is taken of kernel characteristics, and also 
when adjustments are made for bushel weight and kernel weight measurements 
both separately and jointl3\ For example, the entries for the G.R.L. meter 
show that, by the usual procedure, two-thirds of the moisture estimates given 
by the meter will lie within ±0.35 of their true value. If, however, over the 
same series of samples, allowance is made for the variations in bushel weight, 
then two-thirds of the estimates will lie within ±0.25 of their true values. 
Making allowance for kernel weight instead results in a standard error of 
±0.33, while adjusting for both bushel weight and kernel weight results in 
a standard error of ±0.24. Generally, adjusting for bushel weight alone 
yields estimates at least as good as those obtained by adjusting for kernel 
weight alone; and except on the Mullard machine, adjusting for both factors 
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jointly results in significantly better estimates than adjusting for only one 
of these factors, although the improvement in this case is sufficiently large 
to be of practical importance only in the Patterson and Tag-Dielectric meters. 

Discussion 

No evidence was obtained that the nonaqueous constituents of the kernels 
affect electrical properties. Though the series of samples represented wide 
ranges of protein and ash contents, neither of these constituents, nor any 
that may be closely associated with them (e.g., starch), appear to have an 
appreciable effect on the resistance or capacitance of the wheat. Neitzert 
(5), who also gives an extensive review of European and American studies of 
moisture meters, shows a relation between specific resistance and ash content 
for three samples of flour. An increase of 1% in ash content appears to 
result in an increase of about 1% in the estimate of moisture. No similar 
relation was established in this laboratory for wheat, though there was some 
indication of a minor effect. 

Among other factors that affect the estimates, temperature is of marked 
importance (1, 4), and this fact is taken into account by the manufacturers 
of all meters. Abnormal moisture distribution has been shown to have a 
marked effect on the electrical estimation of moisture content. Hartshorn 
and Mounfield (3) observed that artificially damped wheat tends to give unduly 
high readings. Abnormalities in the moisture distribution doubtless account 
also for the widely experienced difficulty in obtaining ac curate meter estimates 
of moisture content in freshly harvested wheat and in ^\heat that has been 
rapidly dried. 

'fhere is a high correlation between bushel weight and kernel weight, so that 
it is difficult to conceive of the effects of these factors separately, 'faken 
jointly, thc> may be considered as a good measure of kernel size and weight. 
It thus appears that these two properties affect moisture readings in all 
meters. Adjustments for bushel and kernel weights reduced the error of 
estimate least for the resistance type meters, Tag-Heppenstall and Universal, 
in which differences in size and shape of kernels arc offset by partial crushing 
of the grain. The largest reductions occur in the Marconi, Steinlite, and 
G.R.L. meters. 

Differences in size and shape of kernels can influence electrical readings in 
several ways. Variations in these properties result in variations in the close- 
ness of packing in the dielectric type meters. This in turn yields differences 
in the grain/air ratio' with resulting differences in the specific inductive capacity 
of the mixture. Yevstingneyev (6) dealt extensively with this matter in his 
study of measurement of the dielectric constant in flour. His paper also 
reviews earlier work dating back to 1891. 

A further consequence of variations in kernel characteristics is the differences 
in weight, from sample to sample, when a fixed volume of grain is used; or 
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the differences in volume when a fixed weight of grain is used. For example, 
the Marconi meter employs a fixed volume of grain, so that it estimates essen- 
tially the moisture percentage by volume. Percentages by volume will differ 
from percentages by weight, over a series of samples, if there are differences 
in bushel weight. Accordingly, it was to be expected that the partial regression 
coefficient for bushel weight would be larger for the Marconi meter than for 
any of the others. A change of 1 lb. in bushel weight resulted in a change 
of 0.23% in the Marconi moisture reading; the next largest coefficient was 

0. 18. for the Steinlite meter, whereas the smallest coefficient for capacity 
type meters was 0.09% for the Tag-Dielectric. 

In meters using a constant weight of gram, variations in size and shape of 
kernels create differences in the volume of the test sample. The load line 
of the condenser may thus var^ from sample to sample, and resulting changes 
in end effect in the condenser will contribute to the error of estimate. This 
difficulty has been emphasized b\ Groves and King (2). It appears that it 
might be largely overcome by compression of a constant weight of giain to a 
constant volume. 

I 
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ESTIMATION OF LIPASE IN DAIRY PRODUCTS 

I. AN EXTRACTION-TITRATION METHOD FOR THE ESTIMATION 

OF MILK LIPASE^ 

By L. M. Smith*, D. J. Lubert*, and H.R. Thornton^ 


Abstract 

A procedure has been outlined for the estimation of milk lipase. The method 
is based on the titration of an ether extract of butyric acid derived from the 
enzymatic hydrolysis of tributyrin under standardized conditions. Some of 
the fundamental factors involved in the procedure have been discussed. It 
is suggested that modifications of the method may be used to study lipase 
activity in other dairy products and in cultures of micro-organisms. 


Introduction 

Early methods for the determination of milk lipase have been reviewed by 
Rice and Markley (5) and Hileman and Courtney (2) and will not be discussed 
in this paper. The presence of free fatty acids indicating lipase activity in 
dairy products may be detected by organoleptic means, lowered surface 
tension of milk, or titration against a standard alkali. The first two methods 
are susceptible to interfering factors and are not quantitative. The third 
method has been used by various investigators including Mattick and Kay (3). 
Peterson et al. (4) eliminated the time-consuming steam distillation required 
in the Mattick and Kay method. Dunkley (1) modified the Peterson A al. 
technique by using an ether extraction to avoid titrating the liberated butyric 
acid in the presence of milk salts, proteins, and the barbiturate buffer. The 
present paper deals with a further modification of the method suggested by 
Dunkley. 

The Method 

Reagents 

Borate buffer: 6.23 gm. boric acid and 50 ml. N sodium hydroxide per liter 
of solution 

Titration mixture: 50 ml. 0.1% alcoholic cresol red in 1 liter 95% alcohol 
and 1 liter distilled water. Adjust mixture to pH 7.4 
with 0.05 N sodium hydroxide. 

Tributyrin (Eastman) 

Molar phosphoric acid 
Ethyl ether 

Standard 0.025 N sodium hydroxide. i 

' Manuscript received July 26 ^ 1949. 

Contribution from the Department of Dairying. University of Alberta. Edmonton. Alberta. 
The data contained herein were taken from theses submitted to the University of Alberta 
^ the two senior authors in partial fulfillment of the requirements for the degree of Master of Science. 
The study was supported by a grant from the Committee on Agricultural Research Grants of the 
University of Alberta. 
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Procedure 

The sample of milk to be tested is centrifuged and 2 ml. of the skim milk is 
pipetted into a test tube containing 5 ml. of the borate buffer. The mixture 
is adjusted, if necessary, to pH 8.8 using 0.1 iV sodium hydroxide or 0.1 M 
phosphoric acid. The buffered milk is brought to 37® C. in a water bath at 
that temperature within four minutes, 0.0 ml. of tributyrin is added and 
emulsified by vigorous# shaking of the stoppered tube for five seconds. The 
mixture is then returned to the water bath and left undisturbed during the 
reactibn period.* 

At the end of the reaction period (30 min. after the addition of tributyrin) 
5 ml. of molar phosphoric acid is added to stop hydrolysis and the test tube is 
inverted twice before transferring to a 20® C. water bath. After five minutes 
the mixture is shaken vigorously with 10 ml. of ethyl ether for five seconds. 
The test tube is returned to the water bath for another five minutes to allow 
the ether layer to separate and then the rubber stopper is loosened. After 
a further three minutes a a ml. aliquot of the ether layer is pipetted into a 
50 ml. beaker containing 10 ml. of the titration mixture. 

The solution is titrated with standard 0.025 N sodium hydroxide to a faint 
orange color and the number of milliliters required is designated as the “Titer”. 
The blank determination is made in a similar manner except that the reaction 
period is omitted. Hydrolysis of the tributyrin is considered to be propor- 
tional to the concentration of lipase and is expres5sed as the difference between 
the sample and the blank titers. 

The blank determination is affected by the presence of any free butyric acid 
in the tributyrin as well as by the presence of any organic acids in the milk 
sample. The blank titers of fresh milks are quite constant for a particular 
lot of tributyrin. For routine analyses of such milks this blank value can 
be used as a standard correction and only one titration carried out for each 
sample. However, this is not possible when dealing with milks that have 
undergone lipolysis or bacterial decomposition. In these samples the free 
fatty acids or such organic acids as acetic and lactic increase the value of the 
blank. 

Experimental Techniques 

The above procedure was followed in principle in the experimental work 
oh the fundamental factors involved in the method. Buffers other than the 
standard differed only in the sodium hydroxide concentration. To keep the 
total volume for extraction reasonably uniform, 3.5 ml. of 1.5 M phosphoric 
acid was used in some of the experiments. All pH values were determined 
with a Beckman glass electrode pH meter. The milk samples were obtained 
from the University of Alberta herd and were held at 4® C. for periods from 
2 to 48 hr. 

♦ The biochemical literature frequently hut erroneously refers to this as an incubation period. 
Asa true incubation period is an integral part of this procedure when adapted to the estimation 
of bacterial lipases, the time during which hydrolysis is permitted will be spoken of herein as the 
reaction period. 



SMITH El AL . ESTIMATION OF LIPASE IN DAIRY PRODUCTS I 


485 


Experimental 

Titration of the Ether Extract 

The proposed method involves the extraction and titration of butyric acid 
in the presence of boric and phosphoiic acids. Solutions of these acids were 
prepared in the approximate concentrations in which they would be present 
in the reaction mixture at the time it is extracted with ether. Ten milliliters 
of each solution was extracted as in the method and potentiometric titrations 
were carried out. I'he resulting curves are shown in Fig. 1. 



Fig 1 Potcntiometnc titration curves of ether extracts of: 0 008 M hutyrn acid, B, 

0 005 M butyric aad, C^O 5 M phosphoric acid, D,0 05M boric acid, E, distilhd water *Cresot 
red end point 

It is apparent from these curves that but>ric acid is easily extracted and 
that cresol red provides a suitable end point. The presence of low concen- 
trations of boric and phosphoric acids does not interfere with the titration 
of the butyric acid. 

Extr\ction of Free Butyric Acid 

Increasing amounts of 0.05 N butyric acid were added to test tubes con- 
taining 7 ml. of buffered pasteurized skim milk after the addition and emulsi- 
fication of the tributyrin. Following acidification with 3.5 ml of 1.5 Af 
phosphoric acid, the determinations were completed as outlined under 
“Method”. 

Fig. 2 shows that there was a direct relation between the concentration of 
free butyric acid in the sample and the amount extracted by the ether. 
Approximately 90% of the added butyric acid was recovered. 

Experiments showed that minor changes in the extraction temperature and 
procedure, tributyrin concentration, buffer composition, and phosphoric acid 
concentration had little effect on the extraction of butyric acid. 




486 


CANADIAN JOURNAL OP RESEARCn. VOL. 27, SBC P. 



Fig 2 Extraction of butyric acid. 


SoMK Factors Ai*fi cting thk Method 
Tributyrin Concentration 

Experiments were carried out in u hich the amount ot substrate added was 
varied from 0 00 to 1.20 ml. The determinations weie ronipleted in the usual 
manner^except that 3 5 ml. of 1 .5 M phosphoric acid was used for acidification. 

The data obtained for six milks are shown in Fig. 3. H>drol>sib close to 
the maximum was obtained when 0.60 ml. was used, except in the experiment 
on the highly active milk A. With higher concentrations ot tributyrin less 



Fig. 3. Substrate concentration and hydrolysis {six milks)^ 

ether separates as a clear layer and greater care is necessary in pipetting the 
5 ml. aliquot for titration. The great majority of the determinations made 
on the individual milks of cows in the University of Alberta herd have given 
h^c^olj^sis values under 1.25 ml. Therefore, 0.6 ml. of tributyrin is used for 
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Temperature 

Fig. 5 shows that in a 30 min. reaction period maximum hydrolysis was 
at 37® r. and this temi^erature was chosen for the method. 



Fig 5 Reiutwn temperature and hydrolyi,n {two milk^). 

Length of Reaction Period 

Experiments in which the reaction time was varied from 0 to 00 min. 
showed that for the first 20 min. the rate of hNdrol>sis was constant and 
then started to decrease, presumahh hecaubj ol heat-inactivation. I'ig. G 



Fig. 6. Readwn time and hydrolysis {two milks). 


shows the curves obtained in two representative experiments with different 
milks. Thirty minutes was chosen as the reaction time in order to obtain 
reasonable hydrolysis and yet avoid marked inactivation of the enzyme. 

Enzyme Concentration 

Va»^ ing amounts of suitable buffers, skim milk, and distilled water were 
added to test tubes to make a total volume of 7 ml. per tube and, after the 
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addition of 0.6 ml. of tributyrin, to give pH values of 8.75 ±0.05. Fig. 7 
shows hydrolysis values in two representative trials. It is apparent that 
in these experiments hydrolysis of the substrate was proportional to the 
concentration of the enzyme. 



Fig. 7. Enzyme concentration and hydrolysis (tivo milks). 


Reproducibility 

In general, while duplicate determinations usually check to within ±0.02 
ml. and variability among replicates tends to increase with increasing titer, 
nevertheless, there are some exceptions, as illustrated in Table IL 


TABLE II 

REPKOnirCIBILITY OF LIPASE DETERMINATIONS 


Milk 

Titer 

Blank 

Hydrolysis 

Total 

variation 

1 

1.07 


0.85 

0.02 


1.07 


0.85 



1.06 


0.84 



1.05 


0.83 


2 

1.10 

0.23 

0.87 

0.07 


1.10 


0.87 



1.17 


0.04 



1.11 


0.88 


3 

1.74 


1.53 

0.06 


1.80 


1.59 



1.75 


1.54 



1.78 


1.57 


4 

2.14 


1.90 

0.04 


2.18 


1.94 



2.15 


1.91 



2.16 


1.92 
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Individual Milks 

In the course of this investigation many assays were made on the milks of 
cows in the University herd, which included Jersey and Holstein breeds. 
Table III gives representative data for 10 such milks that had been held at 4® C. 
for approximately two hours after milking. No explanation to account for 
the variation in the lipase activities of these milks is advanced at this time. 
Further studies on the possible correlation between various management 
factors and lipase content of the individual milks are required. Factors such 
as storage conditions affecting the activity of milk lipase should also be 
investigated. 


TABLE III 

Lipase esiimations on individual milks 


Milk 

1 


B 

B 

5' 

6 

B 

8 

9 

10 

Hydrolysis 

0.38 

0 48 j 

1 16 

080 

135 

0 51 

108 

0 56 

0.56 

1 

0.57 


Discussion 

There is the possibility that milk lipase, which hydrolyzes milk fat, and the 
enzyme that splits tributyrin may not be identical. Therefore, some authors 
use the designation tributyriiiase for the agent responsible for the latter 
reaction. The present authors prefer the term lipase until evidence substan- 
tiates the double enzyme theory. 

The method described permits a comparatively simple and reasonably 
quantitative estimation of lipase in cow's milk. 'The lipolytic activity of 
milk is ordinarily not strong compared to that of some other biological fluids. 
The short reaction period entailed in this method may be found to be dis- 
advantageous when the lipolytic activity is unusually weak. However, it 
is believed that the method may serve as a basis for the determination of lipase 
and the study of lipolysis in dairy^ products and microbial cultures. 
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ESTIMATION OF LIPASE IN DAIRY PRODUCTS 

11. AN EXTRACTION-TITRATION METHOD FOR THE ESTIMATION 
OF BACTERIAL LIPASE^ 

By D. J. Lubert,^ L. M. Smith,* and H. R. Thornton^ 


Abstract 

A method of ebtinidting Imcterial lipase is presented that is believed to l>e 
more nearly quantitative than anj^ other at present available. The method 
is based on the titration of acids in an ether extract of a skim milk culture 
following a 30 min period of lipase activity at 37® C. It is shown that ether- 
soluble acids carried into the reaction medium do not interfere with the measure- 
ments and that ether-soluble acids are not produced from protein or lactose 
during the test 1 he method is applicable over a sufficiently wide pH range to 
make it generally adaptable in bacteriology. 


Introduction 

Plating methods of demonstrating baclerially induced lipolysis have limited 
quantitative value and may be applied only within a restricted pH range. 
The advantage of their long incubation |)eriods ma> be lost by the poten- 
tialities thus offered for indirect and interfering reactions (4). 

The quantitative methods that have been proposed involve alkali titration 
of an inoculated and im ubated emulsion of a fat in a liquid medium (5, 7, 10). 
These methods have certain disadvantages, including cumbrousness, long 
incubation periods with possible interfering reactions, titration in the presence 
of proteins, or obscure end points (8). 

The method for estimating milk lipase that was described in the first paper 
of the present scries (9) was suitably modified to measure bacterial lipases. 
This technique eliminates some of the disadvantages mentioned above and, 
as will be shown, is flexible over a wide range of conditions. 


The Method 

Reagents 

Borate buffer: 6.23 gm. boric acid and 42 ml. N sodium hydroxide per liter 
of solution 

Titration mixture: 50 ml, 0.1 alcoholic cresol red in 1 liter 95% alcohol and 
1 liter distilled water. Adjust mixture to pH 7.4 with 
0.05 N sodium hydroxide. 

* Manuscript received July 26^ 19^9 
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402 


CANADIAN JOURNAL OF RESEARCH. VOL. 27, SEC. F. 


Standard 0.02 N sodium hydroxide 

Tributyrin 

Molar phosphoric acid 

Eth\ 1 ether. 

Procedure 

Ten milliliters of sterile skim milk is inoculated with a loop transfer from 
an actively growing slant culture of the test organism and incubated for 24 
to 48 hr. at the organism’s optimum growth temperature. 

Two milliliters of this skim milk culture is pipetted into 5 ml. of the borate 
buffer in a test tube and adjusted, if necessary, to pH 8.5 with normal sodium 
hydroxide or molar phosphoric acid. This buffered culture is brought to the 
temperature of a 37® C. water bath within four minutes and 0.2 ml. tributyrin 
is added and emulsified by vigorous shaking of the stopi)ered tube for five 
seconds. The mixture is not further disturbed in the water bath during the 
remainder of the reaction {xjriod. 

At the end of the reaction period (30 min. after the addition of the tribu- 
tyrin) 5 ml. of molar phosphoric acid is added to stop hydrolysis and permit 
subsequent extraction of the liberated acid. The whole is mixed by inverting 
twice, brought to the temperature of a 20® C. water bath and shaken vigor- 
ously for five seconds with 10 ml. of ethyl ether, lither layer separation 
and small water droplet settling are effected in five minutes in the undis- 
turbed tube and then the rubber stopper is loosened. After another three 
minutes a 5 ml. aliquot of the ether layer is pipetted into a 50 ml. Erlenme>er 
or beaker containing 10 ml. of the titration mixture. 

Titration is usually with 0.02 N sodium hydroxide. It is probable that 
this concentration will be found generall> satisfactory for the assay of bacterial 
lipase. As titer increases above approximately 1.5 to 2.0, shari)er end points 
arc obtained with increasing concentration of sodium hydroxide. By calcula- 
tion such a titer value is brought to the equivalent 0.02 N sodium hydroxide 
value. 

Titer is defined as the average number of milliliters of 0.02 N sodium 
hydroxide required in duplicate titrations. A blank determination is made 
in a similar manner except that the reaction period is omitted. Lipolysis 
is expressed as the difference between the sample and blank titers. 

Experimental Techniques 

In the experimental work the above procedure was followed in almost all 
cases but occasional variation was desirable. In a few exj)eriments lipolysis 
was stopped by the addition of 3.5 ml. of 1.5 M phosphoric acid in the interests 
of volume uniformity for extraction. 

Buffers other than the standard buffer were *0.1 Af with respect to boric 
acid but contained varying amounts of normal sodium hydroxide or molar 
phosphoric acid. 
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In the accompanying tables the titer before and the titer after refer to the 
titers at the start and end of the reaction period. 

The main test organism was a strain of Pseudomonas fluorescens growing well 
at 25® C. and poorly at 37® C. Escherichia coli was used in two experiments 
and Streptococcus lactis in another. 

Plate counts were made according to Standard Methods for the Examination 
of Dairy Products (2) except that incubation was for three days at 25® C. 
Unless otherwise stated, the skim milk was reconstituted from Bacto skim 
milk (dehydrated). Eastman tributyrin was used throughout. 


Experimental 

Acid Recovery 

All acids soluble in ether, if present, contribute to the acidity of the ether 
extract. Since skim milk is the basic medium, lactic and acetic acids assume 
particular importance. 

Solutions of four ether-soluble acids were standardized as follows: acetic 
acid, 0.0192 N\ propionic acid, 0.0192 N] butyric acid, 0.0197 N\ and lactic 
acid, 0.0152 N, 


Two milliliters of the acid solution lobe tested was added to 7 ml. of buffered 
fresh skim milk. Acidification was with 3.5 ml. of 1.5 M phosphoric acid 
after the addition of tributyrin. In addition a 2.17 ml. mixture of the four 
acids in buffered fresh skim milk was ass^iyed. I'he assay data are shown 
in Table I. 

TABLE I 


Rl COVFRY OF ADDED ACIDS 


Acid added 

Titer 

Blank-corrected 

titer 

% 

recovery 

None 

016 

000 



Acetir 

0.39 

0 23 

23 

Propionic 

0 73 

0 67 

57 

Butyric 

] 00 

090 

90 

Lactic 

0 25 

009 

12 

Mixture 

0 62 

0 46 

46 


Butyric aefd was the most completely recovered, 90%, and lactic acid the 
least, 12%. The 46% recovery of the mixture of acids was in close agree- 
ment with the theoretical 47% calculated from the percentage recovery of the 
individual acids. Duplicates checked within 2%. This is confirmatory of 
the results reported in the first paper of this senes, in which J90% recovery 
of butyric acid was obtained. 

Nonfat Sources of Acid 

Bacterial cultures may contain ether-soluble acids originating from such 
sources as protein or carbohydrate. It has been shown above that such , acids 
as acetic, propionic, and lactic are recovered in significant proportions during 



m 


CANADIAN JOURNAt OF RMSBARCB VOX. 27, SBC F, 


ether extraction. This is borne out by the data in Table II, which show 
that for these species the titers before and after the reaction period are high 
although there is no lipolysis. It is interesting to note that the titer for 
5. lactis is almost identical with the theoretical, 0.50, if the assumptions are 
made that only lactic acid was produced in the skim milk by this organism » 
that the titratable acidity was 0.8% expressed as lactic acid, and that 12% 
of the lactic acid was recovered in the ether layer. 


TABLE II 

Lipolysis by rwo acid-producing b\cti ria 



Titer 


Organism 



Lipoly)is 


Before 

After 


S lactis 

0 48 

051 

003 

E roll 

0 75 

0 77 

> 002 


These data also show that the ether-soluble acids present in the. culture 
before the reaction i:)eritxl do not interfere with the measurement of the 
acids produced during that period. They are measured in the blank and 
are eliminated from consideration by subtraction of the titer of the blank 
from the sample titer. 

This leaves the possibility that protein or lactose is a source of acid 
produced during the reaction period. Therefore, attempts were made to 
follow protein and lactose breakdown during the reaction period as set forth 
in Table III. 


lABLE III 

PROTI in \ND I ACTGSL BREAKDOWN DURIN(. I HI RI \ClION PI RlOD 
(P fluorescent) 



1 Iter 


Change in 


Before 

After 

Lipoh SIS 

Amino N 

Lactose 

Lipolytic activity 

Ammo N (mgm /2 ml culture) 
Lactose (gm /2 ml culture) 

0 25 
0000 

0 081 

m 

0 10 

-fO 003 

-0 001 


In this experiment there was a 0.003 mgm. increase of amino nitrogen, as^ 
determined by the copper method of Albanese and Irby (1), and this value 
was very closely duplicated in each of a number of trials. This increase is 
the equivalent of 0.01 ml. of 0.02 N sodium hydroxide, which is considered 
to be within the experimental error of the method. It jp concluded that 
ether-soluble acids are not produced from proteins by P. fluorescens during the 
reaction period. 

Determinations by the gravimetric method (3) showed the disappearance 
of 0.001 gm. of lactose during the reaction period. Assuming complete con- 
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version of this amount of sugar into lactic acid and 12% extraction of the 
lactic acid by ether, this amount represents only 0,08 ml. of 0.02 N sodium 
hydroxide as used in this test. Although the gravimetric method of measuring 
small amounts of lactose is of questionable accuracy because it measures not 
the actual lactose but the reducing capacity of the solution, dissimilation of 
lactose by this organism is not to be expected. In the light of further evidence 
it seems probable that lactose decomposition during the reaction period was 
•of no significance whatsoever. 

The strain of P. fluorescens used as test organism grew so slowly at 37® C. 
that significant growth was not to be expected during the reaction period at 
this temperature. I'hie expectation was justified by plate counts, which did 
not increase during the 30 min. reaction period. However, lactases might 
well be active at this temperature. Nevertheless, that lactose was not the 
source of ether-soluble acid produced during the reaction period is shown in 
Table IV from which it is seen that neither P. fluorescens nor E. coli, a lactose 


TABLE IV 

Acid formation during the reaction period 


Sample 

Tributyrin 

added 

Titer 

Lipolysis 

Before 

After 

Uninoculated skim milk 



0.17 

0.17 

0.00 


-f 

0.20 

0.20 

0.00 

Inoculated with 


0.17 

0.17 

0.00 

P. fluorescens 

+ 

1 

0.20 

0.82 

0.62 

Inoculated with , 


0.69 

0.69 i 

0.00 

E, coli 

4* 1 

0.71 

0.73 

0.02 


fermenting bacterium, gave evidence of any lipolysis in the absence of tri- 
butyrin. It is concluded, therefore, that the possibility of the production 
of ether-soluble acid from lactose during the reaction period may be ignored. 

TABLE V 

\’ariations in replicate cultures 


, Culture 
number 

Titer 

mi 

Before 

After 

1 

0.16 

0.83 

0.67 

2 

0.18 

' 0.93 

0.75 

3 

0.18 

0.85 

0.67 

4 

0.19 

1.03 

0.84 

5 

0.18 

0.93 

0.75 

6 

0.18 

0.91 

0.73 

7 • 

0.18 

0.90 

0.72 

8 

0.18 

0.94 

0.76 

9 

0.18 

0.86 

0.68 

10 

0.19 


0.89 

Control 

0.18 

IBjlHI 

0.01 
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Substrate Concentration 

The effect of vaning the concentration of tribulyrin was studied with a 
30 hr. and a 48 hr. culture of P. Jluorescens. Fig. 1 shows that when lipolysis 
is very strong it is desirable to use a concentration of the substrate greater 
than 0.2 ml. Nevertheless, it is thought that 0.2 ml. of tributyrin will prove 
generally satisfactory. 



FHj 1 . Siihstrate conccntmtion and lipolysh .{=30 hr iitUiire B= 'fS hr, cuUutx^ 

Variations in Repliiate Cultures 

Replicate tubes, each containing 10 ml. of sterile skim milk, were inoculated 
by needle from a 24 hr. slant culture of the test organism. 4'hese wen* incu- 
bated at 21° C*. for 3() hr. and the lipase acti\it\ of each was determined. 
The lipolytic values of JO such rejdicates are shown in Table V. 'Phe maximum 
deviation from the mean lipolysis of 0.75 was =±=18.(F^,. This deviation could 
be expected from probable growth differences in the various replicate cultures. 

Amount oj Inoculum 

The amount of inoculum added to the sterile skim milk before incubation 
wa« varied in different w'ays, using the loop metlKKl and pipetting from a 
water suspension of the test organism. Some variations in lipolysis were 
noted but these could not be related to the method of inoculation or the 
amount of inoculum, at least until the latter was large. It is concluded that 
the loop method is sufficiently accurate for this type of analy sis. 

pH Range 

, This method was originally designed to measure milk lipase, which has 
an optimum activity at approximately pH 8.5. For measuring bacterial lipase 
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it appeared desirable to know that the method is applicable over a wide 
pH ranjje. 

When the pH durinj^ the reaction |Xjriod was varied, lipolysis b> P. jhiorei^- 
cens was 2.28 at pH 8.5, 1.37 at pH 7.0, and 1.01 at pH 5.5. 

Although it was evident that the method was adaptable over a fairh wide 
pH range, nevertheless, it seemed desirable to demonstrate its use, not only 
over a wider j^H range, but also with a lif)ase having an activity ()i)tinium 
on the acid side of neutralitx . Therefore, the defatted meat trom the* dehiilled 
and niJiceratcd castor bean (castor lx‘an lipase has an apf)r()\imate activity 
optimum at pH 5) w’as dried, powxlered, and suspended in water. ()l this 
suspension 2 ml. was pipetted into 5 ml. of a borate buffer adjusted to the 
desired ])H with nonned sodium hydroxide or molar phosjdioru' acid. A series 
with var\ing pH values was so prepared and the pH values determined 
electrometrically at the start of the reaction period, which in this case w.is 
of (H) min. duration. 'I'he ( ontrol titer in each case w'as d4‘terniined on a 
duplicate sample that hatl been autocl.ived for 10 min. at 121® C. before the 
addition of the buffer. Difficulty was experienced with gel formation in the 
control samples on shaking with ether. These gels were, however, broken 
b> centrifugali/ation and offered no further problem. The data from this 
experiment are presented in l\ible \ 1. 


I \BLi: \ I 

Liroi \sis B\ CAsioR in \n i ip\si 


pH 

Titer 


Bel on* 

\fti-r 

Lipol\ sis 

2 SO 

0 21 

0 35 

0 ll 

3 10 

0 22 

0 3r> 

0 1 { 

3 50 

0 22 

0 73 

0 51 

3 00 

0.22 

1 82 

1 00 

5 0.1 

0 2t 

1 83 

1 50 

7.30 

0 25 

0 32 

0 07 

8 50 

0 21 

0 28 

0 04 

8 72 

0 20 

0 23 

000 


It is seen th<il this method measures lipase activity over a suflicienth wide 
pH range to make it generall> applicable in b.icteriology. 

Discussion 

Although extreme ac'ciiracy is not claimed for this metluxl, it is believed 
to offer greater precision than «iny other methotl currently available. 

It is recognized that, if tributyrin is the only substrate used, tributyrinasc 
may l>e the only enzyme measured. IIowTver, the studies of Collins and 
Hammer (6) do not point to such narrow^ s]H.'cificity of bacterial lipases. In 
any case the method is adaptable but limited to the study of any substrate 
that is liquid at room temperature. 
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The short period during which the enzyme is in contact with the substrate 
is both an advantage and a disadvantage. It is an advantage in that bacterial 
growth is eliminated, or nearly so, during this period and extraneous and 
interfering reactions are held to a minimum. On the other hand, a disad- 
vantage is introduced in that a ver>' slow hydrolysis is not continued long 
enough to liberate measurable amounts of fatty acid. 
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ESTIMATION OF‘ LIPASE IN DAIRY PRODUCTS 

III. LIPASE ACTIVITY IN CULTURES OF MICRO-ORGANISMS 
AND IN CHEESE' 

" By D. J. Lubert,* L. M. Smith,* and H. R. Thornton^ 


Abstract 

The lipolytic activity in skim milk cultures of micro-organisms representing 
a number of species and genera were sttidi^ by the ex tract ion- titration method 
described in tne preceding paper. No evidence was found of a bacterial lipase 
having an activity optimum on the acid side of neutrality. No lipase active at 
approximately pH 6.0 was demonstrated in 20 samples of commercial cheddar 
cheese of varying age or one sample of blue veined cheese on measurement by 
the extraction-titration method or by the Peterson ei al. method. VVeak lipoly tic 
activity was found in one sample of blue veined cheese by the extraction-titration 
method. No lipolytic activity at pH 8.5 was demonstrated by the extraction- 
titration method in the one sample of cheese tested at this pH. 


Introduction 

The extraction-titration method of measuring bacterial lipase described in 
the preceding paper of this series (2) was used to compare the lipolytic activity 
of 10 species of seven bacterial gepera, and some unidentified cultures of 
bacteria, yeasts, and molds. The study also included 22 samples of cheese. 

Methods 

Incubation of all cultures and plates was for three days at either 25® C. or 
37® C. Lipolysis is expressed as in the preceding paper. Observations were 
made of the action of giant colonies on Nile blue sulphate agar plates con- 
taining 0.5% tributyrin (1). 

Titration differences of less than 0.05 are arbitrarily interpreted as repre- 
senting no lipolysis, 0.05 to 0.1 as questionable lipolysis, 0.1 to 1.0 as weak 
lipolysis, and over 1 .0 as strong lipolysis. 

The unidentified “apple” bacterium was a chance isolation that produced 
an apple odor when grown in pure culture in skim milk. The A and B cul- 
tures were pseudomonads producing a peculiar bitter taste in milk or cream 
held at low temperatures for long periods but growing well at 27® C. 

Aqueous extracts for lipase determinations were prepared by either of two 
methods from commercial cheese selected at random from various sources, 

* Manuscript received July 26, 1949. 
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by the two senior authors in partial fulfillment of the requirements for the degree of Master of Science. 
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500 CANADIAIJ JOVBNAL OP RESEARCB, VOL. 27, SEC. F. 

Some of the extracts were prepared by the method of Peterson ei al. (3) and 
assayed by the extraction-titration method. The following procedure was 
used for obtaining the remaining extracts. 

Twenty-five grams of the cheese sample was ground in a mortar with sand, 
and transferred to a 125 ml. Erlenmeyer. This was shaken successively with 
50 ml., 25 ml., and 25 ml. of water for 10, 5, and 5 min. respectively. The 
washings with the suspended material were combined in a 250 ml. centrifuge 
bottle and centrifuged for 10 min. at 2000 r.p.m. Two-milliliter aliquots 
were buffered at approximately pH 5.0 and used for the extraction-titration 
assay. A 10 ml. aliquot of the cheese extract was removed and diluted with 
water to 25 ml., and 5 ml. of this diluted aliquot was used for lipase deter- 
mination by the Peterson et al. method. 

The reaction period in the cheese lipase determinations was of 30 to 60 
min. duration while the buffer used was a mixture of phosphoric acid, disodium 
phosphate, and sodium hydroxide in the proportion necessary to buffer the 
extract at approximately pH 5.0. 


Experimental 

Lipolysis by Various Micro-organisms 

Scrutiny of Table I reveals that by the criterion of this method nonlipolytic 
bacteria include Streptococcus lactis, Aerobacter aerogenesy Escherichia coli, 

TABLE I 

Lipolytic activity of variols micro-organisms 


Arbitrary 

Organism 

Titer 

Lipolysis 

N.b.s. 

classified tion 

Before 

After 

agar 




Control 

0.18 

0.17 

0.00 



S. lactiSf 

0.48 

051 

0.03 

— 


A . aerogenes 

0,31 

0 32 

0 01 

— 

No 

E. coh 

0.75 

0.77 

002 

— 

lipol> sib 

B. suhtUis 

0.25 

022 

0.00 

— 

P. putrefaciens 

0.25 

0.23 

0.00 

•f 


S. albtis 

0.21 

0.28 

0.04 

-f 


“Apple” bacterium 

0.15 

0.16 

0.01 

-h 


Yeast 

0.19 

0.20 

0.01 



A . faecalis 

0.17 

0.23 

0.06 

+++ 


S. aureus 

0.23 

030 

0.07 

+++ 

Questionable 

Mold 

0.17 

0.23 

006 


lipolysis 

B 1 

0.17 

0 23 

006 


B2 

0.15 

0.22 

0.07 



M. smegmatis 

0.15 

0 27 

0.12 

+++ 


A 1 

0.16 

0.28 

0.12 


Weak 

A 2 

0.17 

0.27 

0.10 


lipolysis 

A 3 

0.16 

0.33 

0.17 


BZ 

0.16 

0.54 

0.38 


Strong 

lipolysis 

P. fluorescens 

0.26 

3.90 

3.64 

++++ 
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Bacillus subtilis, Pseudomonas putrefacienst Staphylococcus albus, the “apple 
odor” and yeast cultures. Alcaligenes faecalis, Staphylococcus aureus, two 
of the B cultures, and the mold were questionably lipolytic. Mycobacterium 
smegmatis and the A and cultures were weakly lipolytic, while Pseudomonas 
fluorescens exhibited strong lipolysis. 

This method .and the Nile blue sulphate (N.b.s.) agar method were in 
general but not complete agreement. Moreover, this method did not demon- 
strate lipolysis by some organisms well known to be lipolytic, such as Staphy- 
lococcus (5). The probable explanation is to be found in the short time of 
contact (30 min.) between the enzyme and the substrate. It should also 
be noted that in this method lipolysis is effected at pH 8.5, while the Nile 
blue sulphate agar is at approximately pH 7.0. Enzyme activity may vary 
markedly within this pH range. 

It is evident that this method is not adequate for measuring small differences 
arising from slow enzyme action or bacterial elaboration of small amounts 
of enzyme. On the other hand, long reaction periods may, and probably 
frequently do, lead to interfering extraneous reactions such as ether-soluble 
acid production. 

It is interesting to note that the blank titers of the lactose fermenters, 
5. lactis, A. aerogenes, and E, colt were high. The probable explanation is 
that ether-soluble acids, mainly hictic and acetic, were carried over from the 
skim milk cultures. They are, however, eliminated irom the lipolysis figures, 
which are blank-corrected values. It is to be noted that the blank titer of 
A, aerogenes is lower than that of E. colt but no explanation is attempted 
nor was the relation between the bitter ftavor and lipolysis by the A and 
B organisms studied. 

Relation to pH 

In estimating the lipolytic activity of micro-organisms recognition must 
be given to the possibility that different lipases have differing pH optima. 
The data in Table II do not indicate such a probability, at least for the six 
organisms tested. P. fluorescens exhibited decreasing lipoly sis with decreasing 


I \BLE II 

LiPOLYIIC ACTIVn\ OF SOMI MICRO-ORGANISMS AT \ARIOUS VCIDITIl S 


Organism . 


Lipolysis 


pH 5 5 

pH 7 0 1 

pH 85 

Skim milk 

000 

000 

0 02 

P fluorescens 

101 

1 37 

228 

S albus 

000 

003 

0 05 

E. coh 

000 

005 

0 04 

B subtil ts 

000 

0.03 

0 07 

A faecahs 

003 

0 00 

0 07 

Mold 

000 

000 

0 03 



CAttiutAJiif jwiat4.tpr xastdiica^ voL‘ tr, isc: A' 

pHi while none of the other species was lipolytic at any pH. r It is inter^og 
that P. fluorescens, which produces a lipase with optimum activity above 
pH 8.0, showed considerable lipolytic activity at pH 6. ^ 

Cheddar cheese not infrequently becomes rancid and any enzyme causing 
this defect must be active at the pH of the cheese, which is usually approxi- 
mately 5.0. In this connection there has not been complete unanimity of 
opinion as to the role of milk lipase, which is most active on the alkaline side 
of neutrality (4). Peterson et al. (4) regard lipolytic activity in cheese as 
being bacterially induced and have reviewed the pertinent literature. 

Because of the pH of cheddar cheese and because the extraction-titration 
method is adaptable to measurement of lipase activity at such a low pH, the 
method was applied to a number of cheese samples. When no lipolysis was 
demonstrated in eight cheddar and one blue veined cheese, further samples 
were assayed by the Peterson et aL method as well. 

It is to be noted (Table III) that, with one exception, there is no suggestion 
of significant lipase activity by either method of assay. One blue ''veined 
cheese exhibited measurable lipolysis as determined by the extraction-titration 
method. 


TABLE III 
Lipase in chi lse 


Cheese 

Re^tion 

time, 

min 

Extraclion-titnition method 

Peterson 
et al. 

Lipase 

units/ral. 

Sample 

No. 

Age, 

days 

n 

Before 

ter 

After 

Lipolysis 

1 

15 

45 

0 21 

0.24 



2 

27 

45 

0.19 

0.23 



3 

51 

1.5 


0 24 



4 

91 

45 

0.25 

0.25 



5 

Unknown 


0.22 

0.23 



6 

150 

30 

0.19 

0 19 



7 

150 

30 

0 20 




8 

Unknown 


0.34 

0 36 



n 

Unknown 


0.31. 

0 32 




Unknown 

60 

0.41 

0.55 

0.14 


11 

19 

60 

0.32 

0.32 


0.00 

12 

23 


0.33 

0.33 


0.01 

13 

27 


0.33 

033 


0.00 

14 

30 


0.27 

0.28 


0.00 

15 

30 


0.33 

0.33 


0.00 

16 

35 

60 

0.27 

0.28 


0«00 

17 

37 

60 

0.26 

0.28 


0.00 

18 

37 

60 

0.28 

0.27 


0.00 

19 

40 

60 

0.29 

0.33 


0.00 



60 

0.26 

0.28 


0.01 

21 


60 

0.28 

0.28 


0.01 

22 


60 

Spoiled 

Spoiled 

— 

0.00 


* Kote: ^mples 8 and 10 are blue veined cheese. All others are cheddar cheese. 












9^ JWttr j^M 0 ffucr$ lir. inp; 

There i« the possibility of the presence of a lipase active at pH 8.6 but 
insufficiently active at pH 6 to cause measurable hydrolysis of the tributyrin 
within 60 min. Cheese number 9r sold as ^‘old Ontario” cheese, was assayed 
by the extraction-titration method at nine pH values varying from pH 4.67 
to pH 9.64. No lipase activity was demonstrated. 

Discussion 

It would appear that bacterial lipase most vigorously active on the acid 
side of neutrality is not a common concomitant of bacterial growth. This 
receives confirmation in the low incidence of rancid cheese. 

The theory of a cheese lipase characterized by acid stimulation, whether 
of bacterial or milk origin, is difficult to reconcile, not only with these studies, 
but also with c6mmon observation of cheese rancidity. The dilatory way in 
which Cheddar cheese acquires this defect lends suppoit to the view that 
bacterial lipase capable of hydrolyzing the fat in cheese has very weak activity 
at pH 5. There is no apparent explanation for the variance of these results 
with those of Peterson et al (3) 
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ESTIMATION OF LIPASE IN DAIRY PRODUCTS 
IV. LIPOLYTIC ACTIYITY OF PSEUDOMONAS FLVORESCENSi 
By D. J. Lubert^, L. M. Smith®, and H. R. Thornton^ 


Abstract 

The lipoKlic activity of a strain of Pseudomonas fluoresiens wab investigated. 
Under tfie investigational conditions activity was greatest when the reaction 
medium was at approximately pH 8 9 at the start of the reaction period and 
when the reaction was carried out at approximately 42® C The optimum pH 
for activity by this enpyme was found to be between 8 and 9 Tnis lipase is 
not specific for tribut\rin but hydrolyzes tricaproin and tricaprylin as well, 
although with decreasing ease Calcium chloride inhibited rather than enhanc^ 
the activity Lipoh tK activity was greater in nutrient broth-base media than in 
skim milk but the latter was more satisfactory with which to work Lipolytic 
activity and fluorescence were not found to be related Nutrient broth freed 
of carbohydrate by Escherichia colt growth and heal-sterilized stimulated 
production of fluorescence 


Introduction 

Pseudomonas fluorescens had greater lipolytic activity than any of the other 
bacteria used in these studies. This species is widespread in the waters of 
the province, occurs almost universall> in such pioducts as raw milk and 
cream, and is frequently comerned with the production of lancidity in these 
products. A study of the characteristics of the lipase elaborated by this 
organism was, therefore, considered to be worthwhile. 

Methods 

Unless otherwise stated, lipolytic activity was measured by the extraction- 
titration methcxl as desciibed in the second paper of this series (3). The 
strain of P, fluorescens was the sjime as was used as test oiganism in the 
previous studies. It grew well at 21® to 27® C but very poorly at 37® C 
Except as noted, incubation was at 25® C. 


Experimental 

pll 

Lipolysis in a 48 hr. culture (Fig 1) and a 24 hr. culture (Fig. 2) was deter- 
mined over a wide range of pH values of the buffered culture at the start of 
the reaction period. Maximum lipolysis is seen to have been at pH 8.87 in 
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Fig. 1 and 8.92 in Fig 2. The 24 hr culture showed very high hpolysis at 
pH 11 (not shown in Fig 1) This was believed to be caused b> saponifi- 
cation of the tributyrin, which was subsequently found not to be a source 
of inaccuiac} in this method at pH 9 oi below Similar saponification was 



Fig 2 pH and Itpolysts {24 hr. culture). 

not observed in the 48 hr. culture at pH 11, probably because the pH was 
rapidly lowered during the reaction period. 

. It cannot be concluded from these data that pH 8.9 is the optimum for 
activity by this enzyme, because of possible pH changes in the medium during 




i&e reaeticm period. Thi$ n iHutf^ted in Table I» whicb pH Tllills 

of die medium at intervals during the reaction period. Trial 1 repreaenti 
culture ^chibiting low lipolysis while a higher concentration of the ensymO 
was present in Trial 2. In each case the pH of the medium decreased as 

TABLE I 


pH changps during the RCAcrroN period 


Trial 




Reaction time, 

min 



Total 
decrease 
pH units 


IHQIIIII 

5 

10 

15 

■i 

25 

mm 


034 

8 41 

8 37 

8 51 

8 34 

8 36 

8 31 

8 32 

0.09 

1 

037 

8 54 

8 52 

8 59 

849 

8 51 

848 

a48 

0.06 


035 

884 

883 

883 

8 81 

880 

8 78 

8.76 

008 


2 77 

8 42 




7 89 


7.55 


2 

290 

868 


8 49 


826 


8.00 



2 82 

8 91 


8 75 


8.55 


837 

054 


lipolysis progressed. That the changes were related to the liberation ^of free 
butyric acid is substantiated by the fact that the addition of 1.2 ml. of 0.92 N 
butyric acid to the usual quantity of buffered medium lowered the pH from 
8.81 to 8.3. This concentration of butyric acid is the equivalent of a lipolysis 
value of 2.9, which is in very close agreement with the results of Trial 2. 

The conclusion appears to be justified that this enzyme exhibits maximum 
activity at pH values between 8 and 9. 

Temperature 

Lipolysis was determined in the usual manner with an 18 hr. skim milk 
culture grown at 26® C. The reaction tem[)erature of replicate tubes was 
varied, using water baths adjusted to 6®, 19®, 26®, 37.5®, 41 .5®, 46.6^, and 52® C. 
The results are graphed in Fig 3 (Curve A). 

This experiment was repeated but a 24 hr. skim milk culture was held at 
4.5® C. for seven days before the test. The reaction temperatures were 37®, 
42®, 47®, and 61® C. (Fig. 3, Curve B). 

It will be observed that the optimum temperature for activity of this lipase 
is approximately 42® C. » 

Heat has a double effect on the activity of the enzyme. It stimulates 
activity by supplying energy and it retards activity by denaturing the enzyme. 
Below the optimum temperature the first influence dominates and lipolysis 
increases. Above the optimum temperature the second influence becomes 
major and lipolysis decreases The curves suggest that this lipase would be 
completely inactivated during milk pasteurization (62® C, for 30 min.)- 

Substrate Specificity 

I9 a study of substrate specificity tricaprpin and tricaprylin were substituted 
tor trtbutyrin. Table II shows that all three triglycerides were attacked 
























although ease of hydrolysis decreased with increasing molecular weight. This 
confirms the observations of Collins and Hammer (1) that bacterial lipase is 
not characterized by narrow substrate specificity. 


TABLE II 

LiPOLYSIS of three IRIGLYCrRIDBS 


Substrate 

liter 

Lipolysis 

Before 

After 

Tnbutvnn 

023 

209 

186 

Tncaprom 

0 70 

1 22 

0 52 

Tricaprylin 

0 34 

064 



Calcium CUortde 

Smith (4) found that 0.25 ml. of 10% calcium chloride per 2 ml. of milk 
increased the activity of milk lipase. The same concentration of calcium 
chloride in the reaction mixture tended to retard the activity of P. fluorescens 
(Table III). 

* TABLE III 


• Inhibition by cai cium chloridc 



Titer 


Calcium chloride 



Lipolysis 


Before 

After 


Not added 

0 32 

3.34 

302 

Added 

032 

2 79 

2.47 
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Media 

In preliminary experiments 0 7% peptone solution was observed to be 
unsatisfactor> for promoting elaboration of lipase by this organism. Jamie- 
son’s (2) modification of Sullivan’s medium was little better, while skim 
milk reconstituted from powder 55oxhlet-extracted with ether for 24 hr. was 
the equivalent of the nonextracted skim milk 

The results of a stud> with modified nutrient broth arc given in I'ablc IV. 
The carboh>drate-free broth was piepared by growing Escherichia coh in 

I \BLL IV 

LlWJlYSlS 1\ \ARUH S Ml DIA 


Medium 


Broth 

Broth 4- 0 05% sodium ciseinalc 

Broth 4- 0 05% agai 

Broth, carbohydrite free 

Broth -f 0 15% Imtter oil 

Skim milk 

Broth, umnoculated 

Skim milk, immo( ulaled 


I iltr 


Before 

\ftcr 

Lipolysis 

022 

0 53 

0 31 

0 17 

0 50 

0 42 

0 17 

0 15 

0 28 . 

0 10 

0 4b 

0 27 

0 17 

0 34 

0 17 

0 20 

0 35 

0 15 

0 13 

0 15 

002 

0 18 

OIS 

000 


nutrient broth for 24 hr at 37® ( , aftei uhich the culture was hltered through 
a Berkefeld filter and the filtrate was autoclaved 

Greatci lipolysis was obtained with the bioth-base media than with the 
skim milk. This is tonhrmed by the data in Fable V, in which nutrient broth 
IS shown to be superior to skim milk for the encouragement of lipolysis by 
>oung cultures but slighth mferioi for old cultures The reason foi this is 
obscure but ma\ be lelated to growth lates of P fluorescent in different media. 

1 \BLh \ 

LlPOl \ sis IN THRLF MI DIA 


Medium 

Lipol>sis after incubation foi 

24 hr 

48 hr 

Ob hr 

Skim milk 

0 20 

0 8b 

2 63 

Nutrient broth 

0 57 

125 

2 13 

Carbohydiatc-free broth 

0 47 

1 GO 

3 10 


There is, however, a serious objection to the use of broth-base media in 
this technique , very considerable difficulty was encountered with gel formation 
on the addition of ether. Skim milk cultures were found to give more reliable 
results with more uniform reprcxlucibility. The presence of fat in the medium 
seems to be unnecessary for lipase elaboration by this organism. 



Fluorescence 

It was observed that cultures of P. fluorescens in the carbohydrate-free 
broth took on a marked green coloration. The possible relation between 
lipolysis and fluorescence was, therefore, studied. Unless labeled uniifocu- 
lated (Table VI), the various media were inoculated with P. fluorescens, 
incubated at 21® C. for three days and given dark-room examination in ultra- 
violet light. 


TABLE VI 

FLUORtSCkNCIS PRODlJCriON IN VARIOUS MEDIA 


Culture medium 

1 

Fluorescence 

Amount i 

Color 

“X” medium 

+ + + + 

Bright green 

Nutrient broth j 

Nutrient broth inoculated with both j 

+ 

Faint green 

P. fluorescens and E. coli 

Nutrient broth filtrate (Bcrkofeld filter), 

+ 

Faint green 

autoclaved 

Nutrient broth filtrate (Berkefeld filter), 

4- 

Faint green 

not autoclaved 

-f 

Faint green 

Nutrient broth cultuie of E. coli, auto- 
claved 

+ 

Faint green 

Carboh> drate-free broth 
“X” medium, uninoculate<i 

+ + + 

Bright green 

0 

None 

Nutrient broth, iininoculated 

+ 

Light blue 


Since cultures in “X” medium arc highly fluorescent and poorly lipolytic, 
broth cultures poorly fluorescent and highly lipolytic, and carbohydrate-free 
broth cultures highly lipolytic and highly fluorescent, it is concluded that 
liliolysis and fluorescence are not related. 
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Acetic acidy A semiquantitative method for 
the detection of acetic anhydride in, 266. 

Acetic anhydride in acetic acid, A semi- 
quantitative method for the detection 
of, 266 

Adsorption 

of soap by carbon black, 179. 

of sodium myristate by carbon black, 426. 

of water vapor by wheat, 55. 

Aerial maps. See Maps, Aerial. 

Aerial navigation, See Navigation, Aerial. 

Aerial surveying. See Surveying, Aerial. 

Aerobacillus polym3rx;a. Fermentation of 
wheat by. Pilot plant studies on, 199. 

Air-hydrocarbon mixtures. Rich, Cause 
of reversal of antiknock property of, 307. 

Alkali lignins. Mild oxidation of, 399. 

Alloys, A nickel-aluminum-molybdenum 
creep resistant, 80. 

Aluminum-molybdenum-nickel creep re- 
sistant alloy, 80. 

Analysis, Collaborative, of wheat, oats, and 
barley for thiamine and riboflavin, 194. 

Antiknock action in engines. See under 
Fuel vapors and gases. 

Antioxidants and water. Added, Effect of, 
on keeping quality of lard, 373. 

Areas, See Polar areas. 

Bacillus polymyxa. Automatic pH control 
in dissimilation of sucrose by, 457. 

Bacterial lipase. Estimation of. See under 
Lipase 

Baking quality, viscosity, and other mea- 
surements on frozen egg products, 231. 

Barley, wheat, and oats, Thiamine and ribo- 
flavin content of. 

Collaborative analysis for, 194. 

Manitoba grown, 1946 crop, 241. 

Benzenehexachloride, Gamma isomer of, 
in insecticides and soil, Polarographic 
determination of, 368. 

Biscuits, See Ration biscuits. 


Bituminous sand. Fluidization technique 
applied to direct distillation of oil from, 
104. 

Blacks, See Carbon black. 

**Browning reaction** in dried milk pow- 
der, 429. 

Butadiene-styrene copolymers. Low ratio. 
Laboratory study of, 35. 

2,3-Butanediol, Production and properties 
of, 

XXXI. Pilot plant studies on the fer- 
mentation of wheat by Aerobacillus 
polymyxa, 199. 

XXXIII. Automatic pH control in the 
dissimilation of sucrose by Bacillus poly- 
myxa, 457. 

Canadian erucic acid oils. Shortenings 
from. See under Erucic acid oils. 

Carbon black 

Adsorption of soap by, 179. 

Adsorption of sodium myristate by, 426. 

Carbon dioxide-nitrogen gas mbetures, 
Removal of oxygen from 299. 

Carbonyls of iron and nickel. Loss of power 
coincident with antiknock action of, in 
rich fuel mixtures in engines, 347. 

See also Fuel vapors and gases. 

Carrageenin, Suspending power and viscos- 
ity of, 323. 

Cheese and cultures of micro-organisms, 
Lipase activity in. Sec under Lipase. 

Chemical rubber, See German Buna S-3 
chemical rubber. 

Color 

changes. Diffusion of light by ground glass, 
with special reference to, 151. 

system, rlochere, A descriptive analysis, 1. 

Colorimetry, Photometry and, of railroad 
fusees. Further remarks on, 177. 

Columns, Support of. See Guy wires. Me- 
chanical benavior of. 

Compression ratio 

High, Otto cycle gas engine and the adverse 
effect of light jacket temperatures on 
thermal efHciency, 435. 

See also Fuel vapors and gases. 
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Gompressorsy Turbo-y GontrafloWy Per- 
formance of, 285 

Gonformal projection for polar areas. 
Modified Lambert, 269 

GontrafloWy contrarotating turbocom- i 
pressorsy Performance of, 285 

Gontrarotating turbocompreasors, Gon- 
trafloWy Performance of, 285 

GopolymerSy Low ratio butadiene-styrene. 
Laboratory study of, 35 

Gopper complex of nitrosophenylhydroxyl- 
amine, ^ Weathering characteristics and 
rot resistance of cotton duck treated 
with, 112 

Gotton duck treated with the copper complex 
of mtrosophenylhydroxylamine. Weath- 
ering characteristics and rot resistance 
of, 112 

Gounter, G-M, Diamond drill hole, 23 

Greep resistant aiioy, A nickel-aluminum- 
molybdenum, 80 

Grystal controlled synchronous motorsy 

use of, for the accurate measurement of 
time, 470 

Gultures of micro-organisms, Lipase activ- 
ity in. See under Lipase 

Gyanogenesis 

Some factors affecting the cyanogenetic 
content of flax, 225 

Gyanogenetic content of flaXy Some factors 
affecting the, 225 

Dairy productSy Estimation of lipase in. 
See under Lipase 

Detonation, See under Fuel vapors and 
gases 

Diamond drill hole G-M counter, 23 

Diffusion of light by ground glass, with 
special reference to color changes, 151 

Dissimilation of sucrose by Bacillus poiy- 
myxa. Automatic pH control in, 457 

Distillation, Direct, of oil from bituminous 
sand, Fluidization technique applied to, 
104 

Dried miik powder. See Milk powder 

Drill hole. Diamond, G-M counter for 
gamma-ray surveys of, 23 

Ducky Gotton, See Cotton duck 

Dynamometer for determining depth of 
freezing in foods, 47 


£gg» Liquid and frozen, 

V Viscosity, baking quality, and other 
measurements on frozen egg products, 
231 

Ej^^wder, Dried whole, 

XXVIII Reproducibility and interrela- 
tion of methods of assessing quality, 73 

Electrical meters. See Meters, Electrical 

Engines, Fuel tests with. See under Fuel 
vapors and gases 

Erucic acid oils, Canadian, 

III Shortenings from rape and mustard 
seed oils, 28 

IV Edible properties of fanweed (Penny- 
cress) oil ana shortening, 311 

Fanweed (Pennycrcss) oil and shortening. 
Edible properties of, 311 

Fermentation, See under 2,3-Butanediol 

Flax, Cyanogenetic content of. Some factors 
affecting the, 225 

Fluidization technique applied to direct 
distillation of oil from bituminous sand, 
104 

Foods, A dynamometer for determining 
depth of freezing in, 47 

Freezing 

in foods. Depth of, A dynamometer for 
determining, 47 
See also Frozen storage 

Frequency, Some electromechanical methods 
for producing low frequencies from a 
primary frequency standard, 49 

Frozen egg. Sec Egg Liquid and frozen 

Frozen storage 

of poultry. Effect of some processing factors 
on quality, 253 
See also Freezing 

Fruits and vegetables Iodine content of, 301 

Fuel, See h uel vapors and gases 

Fuel vapors and gases. The oxidation. 
Ignition, and detonation of, 

VI 11 The causes of the antiknock propertv 
of rich mixtures, 211 

IX The cause of the reversal of the 
antiknock property of rich hydrocarbon- 
air mixtures, 307 

X The cause of preignition (surface- 
ignition) — undoped liquid fuel, 337 
XI The loss of power coincident with the 
antiknock action of the carbonyls of 
iron and nickel in rich mixtures, 347 
XII The high compression ratio Otto 
cycle gas engine and the adverse effect 
of high jacket temperatures on thermal 
efficiency, 435 
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Fuseea* See Railroad fusees 

Gamma isomer of benzenehexachloride in 
insecticides and soil, Polarographic de- 
termination of, 368 

Gamma-ray surveys of diamond drill holes, 
G-M counter for, 23 

Gas engines. Fuel tests in. See under Fuel 
vapors and gases 

Gases, 

removal of traces of oxygen from, 299 
See also Fuel vapors ana gases 

German Buna S-3 chemical rubber. 

Laboratory study of, 119 
Pilot plant study of, 143 

Glass, Ground, See Ground glass 

G-M counter, Diamond drill hole, 23 

Ground glass. Diffusion of light by, with 
special reference to color changes, 151 

Guy wires. Mechanical behavior of, 167 

Hand refractometer. Measuring the solids 
content of honey and strawberry jam 
with, 99 

Hard red spring wheat, See Wheat 

Honey and strawberry jam. Measuring the 
solids content of, with a hand refract- 
ometer, 99 

Hydrocarbon-air mixtures. Rich, Cause 
of reversal of antiknock property of, 307 

Hydrogen ion concentration. Automatic 
control of, in dissimilation of sucrose by 
Bacillus polymyxa, 457 

Hydroxylamine, Nitrosophenyl-, Copper 
complex of, Weathering characteristics 
and rot resistance of cotton duck treated 
with, 112 

Ignition, See Pre-ignition 

Iodine content of fruits and vegetables, 301. 

Insecticides and soil. Gamma isomer of 
benzenehexachloride in, Polarographic 
determination of, 368 

Iron carbonyl and nickel carbonyl, Loss of 
power coincident with antiknock action 
of, in rich mixtures. See under Fuel 
vapors and gases 

Isomers, See Gamma isomer 

Jam, Strawberry, and honey. Measuring the 
solids content of, with a hand refract- 
ometer, 99 


Keeping quality, 

of lard. Effect of added water and antioxi- 
dants on, 373 

of ration biscuits. Effect of kind and con 
centra tion of various constituents on, 419. 

Knock, Anti-, action, See under Fuel vapors 
and gases 

Lambert conformal projection, for polar 
areas. Modified, 269 

Lard, Keeping quality of. Effects of added 
water and antioxidants on, 373 

Light, Diffusion of, by ground glass, with 
special reference to color changes, 151 

Lignin, Alkali, Mild oxidation of, 399 

Lipase in dairy products, Estimation of, 

I An extraction-titration method for the 
estimation of milk lipase, 483 
II An extract ion- titration method for the 
estimation of bacterial lipase, 491 

III Lipase activity in cultures of micro- 
orgamsms and in cheese, 499 

IV Lipolytic activity of Pseudomonas 
fluorescens, 504 

Lipolytic activity of Pseudomonas fluores- 
cens, See under Lipase 

Liquid egg. See Egg, Liquid and frozen 

Liquid fuel. 

Undoped, Cause of preignition (surface 
Ignition) using, in engines, 337 

See also Fuel vapors and gases 

Low frequencies. Production of, from a 
pnmary frequency standard, by electro- 
mechanical methods, 49 

Lubricants, Stopcock, 318 

Manitoba grown wheat, oats, and barley of 
the 1946 crop Phiamine and riboflavin 
content of, 2^1 

Maps, Aerial, Modified Lambert conformal 
projection for polar areas, 269 

Meat, See Poultry 

Meters, Electrical, 

Commercial, Factors affecting determina- 
tion of moisture in hard red spring wheat 
by, 479 

for determimng moisture content of wheat, 
A comparative study of ten, 382 

Simple, for estimating the moisture content 
of grain, 249 

Micro-organisms, Lipase activity in cheese 
and m cultures of, See under Lipase. 

Milk lipase, Estimation of, See under Lipase. 

Milk powder. Dried, The '^browning reac- 
tion** in, 429 
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Modified Lambert conformal projection 
for polar areas, 269. 

Moisture 

content of grain, A simple electrical meter 
for measuring, 249. 

content of wheat, A comparative study of 
ten electrical meters for determining, 382. 

in hard red spring wheat. Factors aft^ting 
the determination of, by commercial 
electrical meters, 479. 

Molybdenum-nickel-aluminum creep 
resistant alloy, 80. 

Motors, See Synchronous motors. 

Mustard seed oil and rape seed oil. Shorten- 
ings from, 28. 

Navigation, Aerial, Modified Lambert con- 
formal projection for polar areas, 269. 

Nickel-aluminum-molybdenum creep resist- 
ant alloy, 80. 

Nickel carbonyl and iron carbonyl, Effect of, 
in engine fuel mixtures. See under Fuel 
vapors and gases. 

Nitrogen and nitrogen-carbon dioxide gas 
mixtures. Removal of oxygen from, 299. 

Nitrosophenylhydroxylamine, Copter 
complex of. Weathering characteristics 
and rot resistance of cotton duck treated 
with, 112. 

Oats, wheat, and barley, Thiamine and 
riboflavin content of, 

Collaborative analysis for, 194. 

Manitoba grown, 1946 crop, 241. 

Oils 

Fluidiption technique applied to direct 
distillation of oil from bituminous sand. 
104. 

See also Erucic acid oils. 

Otto cycle gas engine, Fuel tests with, See 
under Fuel vapors and gases. 

Oxidation, 

Mild, of alkali lignins, 399. 

See under Fuel vapors and gases. 

Oxygen, Removal of traces of, from gases, 
299. 

Pennycress, See Fanweed. 

pH control. Automatic, in the dissimilation 
of sucrose by Bacillus polymyxa, 467. 

Phenylhydroxylamine, Nitroso-, Copper 
complex of. Weathering characteristics 
and rot resistance of cotton duck treated 
with, 112. 

Photometry and colorimetry of railroad 
fusees. Further remarks on, 177. 

Pilot plant Studies on the fermentation of 
wheat by Aerobacillus polymyxa, IW. 


Plant, See Pilot plant. 

Plochere color system: a descriptive analy- 
sis, 1. 

Polar areas. Modified Lambert conformal 
projection for, 269. 

Polarography 

Pqlarographic determination of the ^amma 
isomer of benzenehexachloride in insecti- 
cides and soil, 368. 

Polymers, See Copolymers. 

Poultry, Frozen storage of, 

V. Effects of some processing factors on 
quality, 263. 

Powders, See Milk powder. 

Power, 

Loss of, coincident with antiknock action 
of carbonyls of iron and nickel in rich 
mixtures in engines, 347. 

See under Fuel vapors and gases. 

Preignltlon 

(Surface ignition), Cause of, with undoped 
liquid fuels, in engines, 337. 

See also F uel vapors and gases. 

Projection, Modified Lambert conformal, for 
polar areas, 269. 

Protein content, variety, and soil zone. 
Relations of thiamine content in Sas- 
katchewan wheat to, 450. 

Pseudomonas fiuorescens. Lipolytic activ- 
ity of. See under Lipase. 

Quality, Sec under Egjg; Egg powder; Lard; 
Poultry; Ration biscuits. 

Quinolines, Preparation of, by a modified 
Skraup reaction, 359. 

Railroad fusees. Further remarks on photom- 
etry and colorimetry of, 177. 

Rape seed oil and mustard seed oil. Shorten- 
ings from, 28. 

Ration biscuits. V. Effects of kind and 
concentration of various constituents on 
keeping quality, 419. 

7-Ray surveys of diamond drill holes, G-M 
counter for, 23. 

Reaction, See ‘‘Browning reaction**; Skraup 
• reaction. 

Refractometer, Hand, Sec Hand refractom- 
eter. 

Resistance, Rot, See Rot resistance. 

Ribofiavin 

and thiamine. Collaborative analysis of 
wheat, c»ts, and barley for, 194. 

and thiamine content of Manitoba grown 
wheat, oats, and barley of the 1946 
crop, 241. 
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Rot resistance of cotton duck treated with 
the copper complex of nitrosophenyl- 
hydroxylamine, 112 

Rubber, Chemical, See German Buna S-3 
chemical rubber 

Sand, See Bituminous sand 

Saskatchewan wheat. Thiamine content in, 
Relations of, to protein content, variety, 
and soil zone, 450 

Seed oils. Rape and mustard. Shortenings 
from, 28 

Shortenings, See under Erucic acid oils, 
Canadian 

Skraup reaction. Modified, Preparation of 
quinolines b> , 359 

Soap, Adsorption of, by carbon black, 170 

Sodium myristate, Adsorption of, by car- 
bon black, 426 

Soil 

and insecticides, Polarographic determina- 
tion of the gamma isomer of benzene- 
hexachloride in, 368 

zone. Relations of thiamine content in 
Saskatchewan wheat to protein content, 
variety, and, 450 

Solids content of honey and strawberry 
jam, Measuring the, with a hand refract- 
ometer, 09 

Stopcock lubricants, 318 

Storage, Frozen, See under Poultry 

Strawberry jam and honey. Measuring the 
solids content of, with a hand reiract- 
ometer 09 

Styrene, See under Copolymers 

Sucrose, Dissimilation of, by Bacillus poly- 
myxa. Automatic pll control in, 457 

Surface Ignition (Preignition), Cause of, 
with undoped liquid fuel, in engines, 
See under t uel vapors and gases 

Surveying, Aerial, Modified Lambert con- 
formal projection for polar areas, 269 

Suspending power and viscosity of carra- 
geenin, 323 

Synchronous motors. Crystal controlled. 
Use of in the accurate measurement of 
time, 470 

Temperature, High jacket. Adverse effect 
of, on thermal efficiency of high com- 
pression ratio Otto cycle gas engine, ^ 
under Fuel vapors and gases 

Thermal efficiency, of high compression 
ratio Otto cycle gas engine. Effect of j 


high jacket temperature on. See under 
Fuel vapors and gases 

Thiamine 
and nboflavin. 

Collaborative analysis of wheat, oats, 
and barley for, 194 

content of Manitoba grown wheat, oats, 
and barley of the 1946 crop, 241 
content, protein content, variety, and soil 
zone, Relations of, in Saskatchewan 
wheat, 450 

Time, Use of crystal controlled synchronous 
motors for the accurate measurement of, 
470 

Turbines, See Turbocompressors. 

Turbocompressors, Contraflow contra- 
rotating, Performance of, 285 

Vapors 

Adsorption of wheat by water vapor, 55 
See also F uel vapors and gases 

Variety, protein content, and soil zone. 
Relations of thiamine content in Sas- 
katchewan wheat to, 450 

Vegetables and fruits. Iodine content of, 
301 

Viscosity 

and suspending power of carragcenin, 318 
baking quality, and other meaburements on 
frozen egg products, 231 

Vitamins, See Riboflavin, Ihiamme 

Water 

and antioxidants, Added, Lffcct of, on keep- 
ing quality of lard, 373 
vapor Adsorption of, by wheat, 55 
See Moisture content 

Weathering characteristics and rot resist- 
ance of cotton duck treited with the 
copper complex of nitrosophenylhydroxyl- 
aminc, 112 

Wheat 

Adsorption of water vapor by, 55 
Fermentation of, by Aerobacillus polymyxa. 
Pilot plant studies on, 199 
Moisture in. 

Comparative study of ten electrical 
meters for determining, 382 
Factors affecting determination of, m 
hard red spring wheat, by commercial 
electrical meters, 382 

oats, and barley Thiamine and riboflavin 
content of. 

Collaborative analysis for, 194 
Mamtoba grown wheat, 1946 crop, 241 
Ihiamine content in Saslratchewan wheat. 
Relations to protein content, variety, and 
soil zone, 450 

Wires, Guy, The mechanical behavior of. 
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